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ABSTRACT : . )

An overview of research in educational communications
and technology is provided as it applies to science education in
1ntermed1ate/m1dd1e school grades 6-9. The overview is divided into
five chapters focusing on: (1) educational television; (2) film; (3)
audio; (4) programmed learning; and (5)- visual. The major thrust of
‘the review is to 1dent;fy the most effective use of each of the five

- areas. for science education as well. as advantages and limitationms. .
Each chapter reviews the research literature, provides a number of '
abstrac exemplifylng the” £1nd1ngs, and includes a summary,
conclusions, and b1b11ography. It is suggested that the most
effective use of media for science education appears to be g
combinations of all types‘with traditional science instruction, thus
providing students w1thii»var1ety of learning modes. (Author/JN)
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st PREFACE o | .

a

N This paper provides an overview of the'research in educational communications

and techno]ogy as it app11es to science educat1on in 1ntermed1ate/m1dd]e school

" (grades 6-9).". It has been prepared as part of the résearch interest of the B
s author who is a ‘mémber of the staff of the Curr1cu1um‘Research and Development .
Group ’ ‘ ‘ - K ,
) Th1s overview is d1v1ded into five sect1ons or chapters, Educat1ona] Tele- o
) .v1s1oh (ETV) F11m, Audio,.Programmed Learn1ng, and Visual: Each extens1ve1y
. F rev1ews the research 11terature in the part1cu1ar area and prov1des a number of
4

’ abstracts exemp11fy1ng the frnd1ngs for each-type of'med1a ,as 1t app11es to <ci- —~.

v, ence educat1on at’ the mlddle Sﬁhool 1eveﬂ A summary. of the résearch reV1ew 1s
N ,
T, a]so prov1ded 1n each chapter as we1] as the overa]l eonc1u§1ons of this rev1ewer.

Y 13 -

e The var1ous types of- media are all’ used in. SC1ence 1nstructaon As, w1]1

become ev1dent in- th1s-rev1ew each has - its own part1cu1ar advantages and ]1m1ta- s

t1ons" A sk111fu] and know]edgeable teacher w111 be able to choose the most

approprrate,med1um for the subJect matter to be transm1tted and for the students -

4 i

who -are to receive 1nstruct1on The most effect1ve use of med1a for sc1ence

~ -
~. 4 ' .
d

1nstruct1on seems to be comﬁﬁnat1ons of a]l types of media with trad1t1ona] sc1- ;ﬁﬁ&;»

y &

“ " ence 1nstruct1on, thus prov1d1ng students w1th a variety of Tearning modes Igﬁfh
s the purpose of th1s‘re§earch review to 1dent1fy the most effec¢1ve use of each

S oftthe f1ve areas of’educat1ona1 communicat1ons media “for sc1ence 1nstruct1on

)

°
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EDUCATIONAL CUMMUNICATIONS AND TECHNOLOGY AS’ ApPLItD TO

N o ’ - . SCIENCE EDUCATION IN IN#ERMEDIATE/MIDDLE SCHOOL
) . R ar‘ CL ; .. . .
T . o - . Lt / .
‘ f o CETY ' ‘ .
e 0 $ L . ® ' . . t <
% ~ - . : , ‘ L3
J S - B

" mmooucnon L e
Durrng the past thirty years there has been a great dea] of’ contrOVErsy '

. over the use of television 1n education. - Some have Shown' that h1ghly s1gn1r1-

L]
~

Y
cant resuTts .can be .obtaineéd using th1s med1a, thTe others have shown the
-opposite or m1xed resuTts Schoo]s and adnnn1strators have been reluctant for .

the most pant to use television on a w1de sca]e _Some have made_token uses'

////T ~while others have avoided 1t entirely and st1]T.others have tried it and givgn ‘ {;‘
S up. Just_hoN Has NeTevision been used in the science c]assroom.ahd with what =~ -*°
S results?’ ' - : T T N N :
DEFINITION OF TERMS - = . ' . S B
\" ) Thereﬁgre cértain $erms. connected with television usage which require" ,
‘ cTarificatioﬁ UnfortunateTy, those -dealing. w1th the medium have not been , -

carefu] in the1r usage of terms resulting in a confus1on in the literature.
Educat1ona1 Television (ETV) - is a broad term usua]Ty applied to cultural and

comnunity broadcasting which may or.may..not include, some programs for.in-school

N
AN

use., . : .- ' NS
- . . . \

’ + Instructional Television (ITV) - is.television used in the formal classroom at
any educational ievel. Confus1ond1n‘the literature has arisen from the'use of )
ETV to cover all fypes.of educational broadcasting incIudIng ITV. Writers often
use these terms interchangeabe ' | | -
CTosed Circuit Te]ev1s1on (ccTv) - refers to the use.of television transmitted'
. from cameras to rece1vers over a cable or by m1crowave permitting reception of

programs only by those receivers #ncluded in the c1rcu1t. This type of set-up

is most commonly used in science laboratories for demonstratiOns. .

.“. C _ - 7/




- . _;\I \ . ' ’ !
Video _Tape Recorder (VTR) - records on magnetic tape like an duaio tape recorder.
{ .

VIR's are ava11ab1e in severa] modes from reel to reel to cassettes of various

types. ‘\ . _ )

. The rema1nder of th1s paper w111 use abbreviations consistent w1th use by the

.
* .

3

authors of the var1ous researches cjted.

)

TELEVISION USES_ .
\ B .
Televigion can be used in a variety of ‘ways in educat1on ‘It can‘be a

CCTV system in a s1ng|e room used to en]arge demonstrat1ons for laboratgry or
"lecture. In this manner it becomes a valuao]e teach1ng a1d It can aiso be
used as a convent1o@a]1TV from stud1o to c]assroom to a1d the teacher in 1;
schdols.where there is a'shortage of'qualifjed teachers. For edementary schdcls
- this is:part%cularly relevant in science. -' ‘ T
As shown hy'Schramn (1962)'ITV.js better_suited to some subjects than to
géhers’and seems best suited to science\instruction. .The camera can .follow

complex experiments and demonstrations with accuracy and magnification. In

'M‘addjtion, the TV‘can.bring the scientist into the classrdom (Draper'f953).«

-

1

]

, . 'The television js ne substitute‘fqr doing science, but it can provide

Ll

initial or, supplementary information’for SUbsequentllaboratory work. The value

of TV as,a magnification device has been cited by'many writers (Richter 1964, -~

.Eanet & Toth 1976; and others). ' ;

The remainher of this paper. will present research studies on the use of "V

t

relevant to scienci instruction’ at the intermediate or middie school level

tdrades 5-9). Some studies at both the lower elementary and\upb r secondary

levels have also-been included because of their direct relevance to the target

populatiqn: /- T , ) o ’

SURVEYS ;-
‘ The resu]ts of research on ATV are conf11ct1ng\ In an effort to provide

'a'mean1ngfu1 summary, Schramm (]962) surveyed 393 research papers with adequate S

- u

deS1gn, contro]s, amd stat1st1ca1 treatment to be deemed va11d Many were papers .
_ w”

4
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that had not abpeared in journals, but were we]] done. The reports dealt with
the use of ITV versus c]assroom instruction for all subject areas in.kindergarten

through college. He eliminated ail studies not designed with matched7groups and

. @ pre- and posttest of achievement. [n.65% of the studies mo significant. dif-

~

AT ten weré at the co]]egiate,leve]'

J
'States His conclusions'were s1m11ar, that ITV is at 1east as effective as - hd
rEguTar classroom 1nstruct1on and on occas1on is more effective and reta1ned '
at least as we]]._ Garry also pointed out,that television is flexible in meeting
Y - f . N
the needs .of large c]agses by making better utilization of good instruCtors. . .

I 4 ¥ ‘e
ferences were found between the groups, in 14% students learned significantly . -

less from te]ev1s1on and_in 21% they 1earned s1gn1f1cant}y more by te]ev1s1on

than 1n the regu1ar c]assrpom The conclus1ons reached by Schramm were

\ .
1. The average student 1s 11ke1y to learn about as much from a te]ev1s1on course

as from ord1naryzc1assroom methods. ' ' . o

4

2. Televigion instruction in matn and science is very successful, while in
N N . 1 ~

‘

history, humanities, and Janguage it is somewhat less successful.

£y

1, ) 7
Stickell (1963).attempted to clarify the contradictory results from 250
. § . ) . ‘
comparisons of ITV and classroom instruction. "Sticke]] set rigorous standards

for good exper1menta1 des1gn based on his own mod1f1cat1on of analysis of desi gns

found in the Hdndbook of Research 'on Teachlgg Of the 250 studies, 217 weré

‘classified as "un1nterpretab1e", 23 "part1a11y 1nterpretab1e" and 10 were found

3

to be "interpretable." " There were no contradictory relil ts reported in the ten
remainjng studies. A1l showed no s{gnificant differences between the effects of

ITV and classroom instruction as‘measured by the paper and pencil tests used.

Garry (1960) had done an earlier survey on uses of television in the United

and in show1nq c]ose ups of small objects.used for demonstrations.

STUDIES FAVORING TELEVISION OVER CLASSROOM INSTRUCTION . Voo .

t .

The surveys dofte by Schramm and particu]ar]y by Stickell set stringent

si?ndards for selection of re]iab]e'studies.,tThough this is a sound practice
P 3 | '
”» . 9 -
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. . - ¢ ‘ " . ' .
for fnterpretation of }eseaféh-ipta it.eliminates relasively good studies which
. * /. A} s

-

»
&

. may serve as indicators of effectiveness -even though they guf%er from weak

’ Py -

research designs or lack of conrol of intervening variables’ The following 11

-

" studies have been found to.staiisfically favor the use of ITV over Megular

')‘-‘

. : . ¢ ' Ty . *
- * classroom instruction. < ' . . . ZL
g// ) A ¢ . S
Champa (19§7)ltested the effects’of ETV and films on’achievenent
- in and 4attitudes toward science of ninth grade students in Lancaster,
_. Pa. -Three hundred Students of comparable ability were divided into 3
\V;) groups -for a one year course in science. Group 1 (control) received ..
conventional science instruction. - Groups 2 and 3 received the same
) . "course but Group-2 had ‘thirty minutes of ETV includind films.dnd -
e s resource people each wéek, while Group 3 had thirty minutes of the
* . same ETV films. Pre-Post tests, the: Cooperative ‘General Science, Test
(achievement), th® Kuder Preference Record (attitudes), and a survey ,
" of science related activities were administered. Significant differences
in achidvement (p < .05) for all three groups were foynd. Use of films
was significantly greater than the use of ETV. The use of €TV was
. significantly greater than the regular classroom instruction. Find¥ngs
were similar for both males and females. ‘Pupjls, preferred fiims and
ETV almost unanimously over cogyventional science instruction. One year
. ;after the experimenta greatergﬁroportién of pupils in the film group
were pursuing more science thah had been the caseii?-previous classes.

Chghpa's.results,thnugh impressive and sUggéstive‘of'greater'usé'of

film and ETV in teafhing'science'muét'be interpreted with caution in terms of

»* ¢

! s -
their applicability in the 1980's. His work was. done in 1956 before the

- kR
" the "ye?urar class?oom instruction" consisted of jecture with heavy emphasis

v

édveﬁt of inguiry and )aboratory science courses. [t can be assumed thaf}

~ on the tExthokx‘ It could be inferred that students were more. motivated and
) s - ' . . . ’ ) .
attentive to the new télevision technology of the late 1950's than would be
. . ~ ) 4 ’
the case today.

Jacobs and Bollenbacker (1959) evaluated the effecgjveness of , ITV
and regular classroom instruction on science achievement of 315 sixth
grade students in Cincinnatti. Median IQ's from all elementary schools
in the public school system were ranked, then divided into 3 ability
groups, high, medium and low. Within each ability grouping 2 pairs

, of schools were selected, one pa’ir assigned to TV instruction; the
other pair to conventional classroom instruction. ' A‘$tandardized pre-
test in science was given to allow statistical adjustiment between
| groups for beginning science knowlédge. A criterion referenced post-
=" test was locally developed and.validated. Results showed that the TV
: group exceeded (p < .05) the classroom group at the high ability level.
- . There was no significant differences at the middle or'wa‘ability levels.

o T 1/ N




.e

. . N
Stovall (1960) conducted an exper1ment with te]ev1s1on effect1venes&r -

) on teaching secandary school phys1cs in Houston .schools, Twenty nine

S~ 1ndependent school districts and 53 classes part1c1pated\1n the. study. .

" . ‘Comparison of television c1ass\__w1th conventianal classes showed signi- .

ficant differences (p < .0%) favor1ng the television group: In addition

Stovall found that there was ‘a’.favorable attitude of teachers toward

‘T1¥, that there was no significant ditference in student gain by matched

pairs due'to level of school district expendijture, quality of 1aboratory <

facilities, class size, qua11ty and amount of ‘teacher training, stédent

prerequisites 1n science, or-student ab111ty Tevel .- \ R

\

/ Jacobs and Bel1enbacker and Stovall present conf11ct1ng ev1dence on the

-effEtt1xeness of ITgkgp various ab111ty groupings. As shall be seen in 1ater "

.

references this is cons1stent in the researth literature.

., Garry (1960) tested the effects of various 'uses of LTV on 90 classes
_ of, fifth graders in Boston. Eighteen-control classes, used 30 half hour
° natural science:ETV programs without accompanying classroom activities.
Thirty six classes used the programs as a terminal activity. Thirty six
"classes used the programs: to initiate related activities. In each group
- one third’of.the teachers were trained in a‘science workshap, one ‘third.
were trained to use ETV im class, and one third received no épecial
¢ training. Achievement ga1ns én a project developed test were significant
> (p< X5) for exper1menta1s over controls. Differences between experi;
mental groups weresnot significant. Observed effects on sciepce reason1ng°
inferes€, and attitudes were® reported as neg]ag1b1e Type of tra1n1ng tor'
teachers did not_have a s1gn1f1cant 1mpact oh student performance in any
_ o of the groups._ .o . - .. . <
~ - * Lo
< ) Garry s data suggests that ETV can be effective for a11 ab111ty students °

” ~ <

L

at Jeast at the middle school level. It"is 1nterest1ng to note that tra1n1ng

L e
v . v /
.

_ 0f teachers d1d not have s1gn1f1cant effects Th1s cou]d be due to the re]uct-
. ance of teachers to change es&aﬁ11shed patterns of behavior or possibly to'

an- 1neffect1ve tra1n1ng package. . - \ Lo
—~ v "
House' (1964) studied the effect of ITV as an aid in third, fourth
. and fifth grade sciénce 1nstruct1dn Sample population cons1sted of -
. 170 girls and 163 boys studied over a 8 year perieds In the third grade
T , the sample was divided into television and control groups. lhe control
received science instruction in self- contained classrooms and no ETV, The
television group received sciehce instruction via ETV. All students
received ETV science instruction when they reached fourth grade. In the
* fifth grade the groups were again‘divided, one group received ETV science
instruction in self contained classrooms .while: the other group received
ETV science instruction in large resource rooms. IQ measures were used
. to classify thé sample into high, medium-and low ability levels. Reading
- : test scores were used to group, the sample into good-and poor readers. -
The Metropolitan Achievement Test - Science was used as a criterion
measure. House reported that good readers did better than pSor readers,
third grade students did better with ETV than conventional instruction,
boys profited more from ETV than did girls, administering tests over
- 'E1V a1ded.poor readers, and students in large resource rooms do as well -

RIC REAST
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Lo

b. .
as students in self contained classrooms. .

House's re%earph.must'be approached with Eaution.' He obvious]ly has
’ int;oduted too many intervening varja)1es|naking it.diffic61t.fo draw any
valid conclusions regardiné'ETV versus conventional ins%rﬁétion . What :;&
J 1mportant to note about the study 1s the possible differences in acé1evement

’

us1ng ETV Hue to rea31ng ab111ty and sex 1nd1cat1ng that individual d1frerences

a

3

in students may determine when and 1ﬁ §TV is an appropr1a§s medium for
B « R . ¢ ” '

instruction. — ) - .

Welliver (1965) compared the effectiveness of teleyision and .
VN non-teleyision in ninth grade physical science jn North Carolina.
. . Twenty four classes in twe schoo] districts were randomly®divided
into ITV and non-ITV groups: T#e Qtis Quick Scoring Mental Abiljty
Test was’used ‘as a pretest. The General Test of .Course Objectives
constructed by the experimenter was used.as measure“oT beg1nn1ng
sctence knowledge: Posttests. after one yegr oF Snstruction’ con-
. * sisted of the Physical %cience Achievement Test constructed by the
. - experimenter, the Test on Undérstanding Science (TOUSY, the Science
Current Events Test con;:iij;ed by the experimenter, tHe Sequential

o

“ N - Test’ of Educational Prodress\--‘Science (STEP), and the “Thurston

(v Interest Inventory. Resylts/showed statistically significant
differences (p < .05) :favo the ETV group of above ,average:mbilitys

" Analysis of scores for studéfits of average ability favored the

* non-ITV grqup. 'Ana]ys1s of scores of the Tow ability group .

« favored the ITV 1nstructﬁon We111ver cgncludgd that ITY is more

- effective than_non- [TV with students of above ‘average and low’ability
pbenifiting more from ITV ins¢ruction than frgm non-1TV instruction.
The two methods were found to ssen;1a11y eduivaient for tedching

. science to stugsnts-of average abjlity.’ T

¥

RN

. Again the Qgi;:idn:of'effectiveness_of'ITV for students of different
. . ' \ NS . : d" . ‘
" ability leveTs s nf]icting It seems TNCreaSﬂng]y clear <that ITV does

. n?t ﬁave equivalent effects fer students of. a]] ab111t1es

v ,
’ ™~ .

Gorth et. al. (1968) 1nvest1gated the effecfiveness of, Tecture
on videotape versus_Tive on a sampie ‘of, 900 eighth and nLgﬁﬁ graders.
/,/”j . V1deotaped lectures and live 1ectures were presented on gcience and
" -social studies units. Groups receivin good quality v1deotaped lectures
ach1eved/s1gn1f1cant]y higher (p- < 05? means than those: receivin
* Tive lectures. High ability group$ were sjgnificantly higher (p < .02) »
¢ " than Tow ability groups.- Gortn concludes that repetition of good
qua]1ty videotaped lecture provides .a more stable_and sensitive measure

of effect1veness and enhances student ach1evement‘ . - n

Beets (1968) stud1ed the eTfectlveness of ITV for teach1ng~creat1ve "
thinking to fifth and sixth graders The 1nqu1ry method was used, as
. well as involvement of students in the live telecasts. 420 studentS'
were randomly selected and divided into 4 groups. 1) PiTot = which was

RO
.
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L
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used to standardize scores of the other groups, 2) Experimental - students
viewed ITV and during three of the telecasts had a direct phone Tine to
the studio. 3) Experimental - students saw the telecasts but did not
participate further. 4) Control - not ITV. A1l students were given b
Creative Thinking pretests. The same test was given as a posttest. \
Results showed significant differences (p.< .01) between groups 2 and 3,
2 and 4, 3 and 4. It was concluded that using the inquiry metnod of
instruction via teievision did make a positive, significant difference in

’ student's creativd th1nk1ng abilities. .o

fhis is a particularly 1nﬁerest1ng finding since inquiry in science instruc-
. ' L 3

7

tion has been thowht to require hands-on activities for students prior to and

during the development of concepts. This assumption has been the basis of tne

development of most of the major -.curricuia in science for eiementary ana‘
intermediate school populations over the last 20 years.

Moore (1969) conducted an experiment involving CCTV and programmed
, -learning. TV classes were taught by lecture/recitation while the
programmed sections were taught using a variety of resources to augment
the programmed text. Pre- and postteésts were given to both groups.
After adjusting for individual differences analysis of covariance showed
that tne TV group produced a significant pos1t1ve ditference on student
attitudes compared to thq programmed group as well as a s1gn1f1cant1y
greater mean achievement ‘score. N
3 3
Rad]1ck and 0'Reilly (1976) involved 901 students frpm nine school
districts and 301 control. students from the same districts in a program
to test the effects of ITV. Experimental students received TVe instruction
for two hours a day for 20 days. The control students received regular
classroom instruction. Results indicate that ITV.is best adapted to )
. teaching_science,. hea]th, social studies, and consumerism to fourth P

ggaders N

Rad]ick and 0'Reilly support the concﬁueion reached by Sehramm (1962},
In summary’, these eleven studies have demonstrated thaﬁ.ETV gah result in

significant gains in achievement in science, however, other variables must. A

- <
be .considered, particuiariy student abiiity levels '

"STUDIES 'FAVORING CLASSROOM INSTRUCTION OVER ETV :

M

Not all research reports suppdrt thé effectiveness of ETV over classroom

h

instructions’ The f01|ow1ng stud1es show the oppos1te effects

Thornton (19705 1nvest1gated 1) the re]at1ve erfect1veness of €TV .
and programmed instruction, 2), the’ effectiveness of using both media to
suppiement and reinforce each other, 3) the effectiveness of ETV ang
programmed instruction compared w1th tradtional classroom teach1ng, g)

the best sequence of using the 2 media, 5) the effectiveness of us1ng

- oL . 7
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programmed instruction to check the progress of ETV studenis, and 6)

programmed .instrudtion’s role in tounteracting the noninvoivement of
' ETV students. 452 sixth grade students were divided into 7 groups,

1) only piogrammed 1nstruction, 2) ETV only, 3) traditignal ‘tlassroom

teaching, 4) programmed instruction followea by ETV, 5) ETV followed - ":

by programmed instruction, 6) combination of.tradiggonal teaching,
programmed instruction, and ETV, and 7) no science instfuction. A .
pre- and post test science test was administered. Results showed SR
that ETV produced no greater stident achievement than a combination
of methods or no science instruction, ETV produced signifcantiy tower
student achievement\than traditional classroom instruction, and
traditional c]assrgsﬁfirstruction produced significantly higher
.. Student achievement than-ETV used alone, programmed instruction used
alone, a combinatien of programmed instruction followed by ETV, or
_ ho science instruction. o N

" Galey and George (1974) studied the effect of ITV ondevelopment *
of classification skills in first graders in a New Jersey pubiic school
chosen at random within the school district. Six TV lessons were
prepared with one of the experimenters as dthe TV teacher. Treatments
were randomly assigned to five classes. 1) TV with introductory and )
follow-up activities by the expérimenter, 2) TV with free choice of ’ .
activity. after viewing, 3) No TV - same lessons taugnt by the experimenter
4) No TV --teacher conducted simi]aé’lessons using SCIS materials, and
5) control - no ITV'and no science.” Total number of students.was i23.
A pre/post test performance interview test was given to all students,
One way Anocovar analysis’of posttest adjusted means showed no signi=
ficant differences between grouf® 1 and 2, %t and 3, or 3 and 4.
Significant differences were found between groups 1 and 4 (p < .05),
2 and 3 (p < .05)y and 2 and 4 (p < .01). AHN experimental groups were
statistically significantly superior to the control group (p < .01).
Experimenters concluded that the classroom lesson, group 4, was
more effective than the ETV lessons. .

.
.
r

Both these studies show that classroom instruction is superior to ETY or
’ 7

even programmed instruction. Even though the Galey and George-Study quegtion-

3
~

-abiy assumes that first graders can indeed Tearn classification ski11s.with

such short exposure. it still strongly supports traditional classroom instruction
e . ) : -

resu1£ing in gﬁeater achievement. There ‘seem to be fewer of these studies in .

the research 13teratune than those that show the superiority of ETV. What is

.

‘most cbmmonly found however, are studies showing no'signific§nt differences ~
. ~ . . \

between the two. This is the subject of the following section-

ey
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STUDIES SHOWING NO SIGNIFICANT DIFFERENCES

- - P
Much more commonly research studies on thé effectiveness of ETV tend to{

show no significant differences between ETV and conventional ctlassrpom teaching.
The folipwing eleven studies serve to i]ﬁustrate th%s point:

"Daniels (1959) investigated four groups of students of "apparently
similar ability" and their achievement in secbndary science after
.d1ffer1ng modes of instruction. Group i had TV on]y, Group 2 had the -
sound track of the TV programs only, Group 3 recieved cenventional.
science 1nstruct1on, and Group 4-received no science instruction ‘at
all. “Daniels conecluded 1) there was no s1gn1f1cant difference ‘to
indicate that any of the" three methods was superior and 2) some teaching
is better than no teaching. A1l three treatment groups were stat1st1ca1|y
significantly better than the control group.

&
o

On tne surface Daniels seems to indicate that though stuaent ab111ty may

¢ [

enter into tne ana]ySTs,‘there does not seem to be any significant d1fference
between TV -instruction and Cegu1ar classroom instruction. This study did not
attempt to evaluate the abi]ity levei of the :students involved. Danie1s'
statement that the students were of "apparent]y similar ability" may well be

true, but it they were of middTe or average ab111tx these results then are

consistent with those of Jacobs and Bollenbacker (1959) and others..’

 Enders (1960) investigated the achievement-resulting from using ETV
as a supplementary aid to teaching science at sixth grade level. For
20 weeks. students received 15-minute planned ETV science programs related’
to the science unit being taught in the classroom. Angther group’ viewed
12 ETV lessons while a.third group viewed no ETV lessons. -Results showed
‘no)s1gn1f1cant differences between the groups.:

Syrocki and Wallin (1962) conducted a two-year study in human
biology. Two lecture demonstrations per week were g1ven to multiple
sections of sophomore college students. Half were given conventional
instruction, half ETV instruction. Models, demonstrations, etc. were
kept constant in both groups. Contents of lectures were as identical
as possible. A1l students received a pre- and posttest. Results showed
1) no significant differences between mean scores of both groups, 2)
no s1gn1f1cant differences between mean gain scores.

- Though the Syrocki and Wallin study was drawn from beyond the etarget popu-
~lat1on of this study their conc]us1ons that ETV can be satwsfactor11y used to
teach human biology seems to be well supported. Tannenbaum (1956) found thar
achievement of students taught bioiogy by ETV was as great or greater than '
thqse taught conventionally. Similar results were‘?ound by Siepert (1958) for
. . 9 . : :
15
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physics and by Greenhill (1959) for zoology.
Garry {1963)

‘mation giving and problem solving on 36 ciasses (1000 students) of fifth
grade students in Boston.” Supjects were sejected on the basis of
teachers who had participated in a previous study on teaching natural
science by ETV. Selection procedures attempted-to hold teacher variabies
constant by selecting "average" teachers, Classgs were divided into 3

—groups of 12 each. Teachers in group 1\ (control)“were not trained.
Teachers in groups 2 and 3 were trained to use ETV to provide -informa-
tion and to stimuiate problem solving respectively. Group 2 viewed 20
ETV prodrams used in a previous stuay. Group 3 viewed i0 "old" programs
and 10 new programs. There were no signiticant differences in. science _
achievement. Retention-was not significant]y different between groups.

Jerkins -(1964) investigated the effect of a television course 1in
science on 1,908 seventh; eignth, and ninth grage students. Half.the
classes received TV instruction, half received regular classroom
instruction. Three achievement tests were given and two. questionaires,

No significant differences were reported between the TV and non-TV groups.

Bickel (1964) studied the achievement and attitudes of students in

-grades 4, 5, and 6 receiving science instruction via CCTV dncorporating

a talkback facility and studénts taught science in the regular ciassroom,
One TV and one control. classroom were selected at each of 3 grade levéls
resulting in nine pairs of ciasses. Achievement measures included the'
Stanford Achievement Test - Science administered in classrooms and the
California Elementary School Science Attitude Test administered to ail
classes via TV. No overall statistically significant differences were
found between treatment and control groups in achievement. Similarly,
there were no significant differences between groups in attitudes toward
stience, :

Bickei's data appears to indicate that at 1eésx on some instances even

\

_ the addition of a talkback facility ‘does not necessarily enhance student .

°

achievement when using ETY over regular classroom instruction. Several propon-
ents of ETV have indicated that such a mechanism wou]d'significént1y improve

ETV use in schools. ~ . \
Skinner (1967) investigated ETV and the use of inquiry in science
instruction. 123 students were divided into 4 groups. 2 groups received
inquiry science lessons via ETV. A third groupd received inquiry instruction
by the experimenter, while a fourth group received science instruction
from“the regular classrioom teacher. Results showed -that inquiry teaching
was as effective as teTevision in presenting science lessons.* Further,
student designed follow-up activities for the ETV lessons were as
effective as teacher djsigned pre and post\]esson activities..

Pl

x

£
»

10 -

tested the effect ot 2 types of IV programs - ipfor- /

-
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Galey (1970) studied 123 first grade students and the effects of
ETV. Five treatment groups were establishedz 1} TV with pre- and post
lessons, '2) TV with no introductory lessons, 3) No TV - ciass taught by -
Galey, 4) Control - regular science instruction, 5) No TV - class taught..

. by regu1ar classroom teacher. Performance interview pre- and posttest

were’ aom1n1scered Results showed no significant differences between
TV and no IV glasses -taught by the experimenter. There were 51gn1r1cant
differences between TV classes ‘and classes taught by the reguiar classroom
teacher, The study conciuded that ETV and classroom instruction were
equally efﬁective in improving student achievement in science.

Poteet (1972) studied 47 seventh graders to determ?ne the effects
of viewing a series of "Mr. Wizard" programs. Students were ranaomiy
divided inte 3 groups. Group 1 viewed 12 "Mr. Wizard’ programs. Group
2 atso viewed the programs and were interviewed. Group 3, the control
saw a series-of films unrelated to science. The tape recorded interviews
were evaluated independently by 3 evaTuators. Results showed a signi-
ficant difference between experimenaté&ls and controls in preferences
fori science, no significant differences among the 3 groups in achievement,

and no overa]] significant correlations betweenepreferencescand achievement.

> «  Kohlmeyer (1974) selected a quasi ‘experimental design involying
203 students.in grades 4 - 6 to determine the effects. of ITV on low
achieving students. The subjects had been designated as below grade
level in achievement. ' They were ass1gned to three treatment groups.
A1l groups viewed a twenty minute Tv science lesson. The controi group .
nad an'open circuit TV and pre-post lessons reinforced activities presented
by .TV. Another group had open circuit TV and indvidualized learning
packets for reinforcement of pre-lesson and post-iesson activities.
The third group viewea the TV lesson individually on VIR and had the
individualizea packets. All groups were administered a pre-post
achievement test to establish gain scores. There were no significant
differences “in learning resuiting from any of the treatments.

~

in summary, one could 1ook at the research showing no significant results
as a failing on tne part of ETV. On the otner hand, these results should be
interpreted more optimistically. Thaf is, ETV is as good as, and in some cases

better than conventional classroom teaching, pérticular]y with higher ability

)

groups.

OTHER FACTORS AFFECTING THE USE OF, £TV

Several other studies have identified vq;jab]es that affect the use of

<.

ETV in science instrgctﬁon in addition to Student abi]ity'@hich‘has already been.

. discussed. Some of these factors are presented in’this section.

4 . .
Wade, (1969) studied 817 fifth grade students in Santa Clara County

and the effect of ITV and various teaching methods. Three methods socratic
- (active teacher questioning and correction of 'student response), teacher

1
17 ' . :

-




tell (iteration of TV content), and control (genera1 pér1phera1
motivational activities). -The TV unit was a six-week, 12 lesson’ ;
series on insects and animals. Results showed that the socratic . |
method had significantly greater mean scores than either of the other

two methods (p < .01). There was no significant difference between

teacher tell and control methods. Low ability students tended to make

better gains incontrol groups, while socratic me thoas tended to favor
high ability students. >

Studies :such as this seem to SUggest not only is the ability leyel of"
students uéing ETV important, but also the instructionai strategies’ ugad by -« ¢

the teacher. Socratic or inquiry methods tend to cause students to'tnink
} ‘

-

more about what“they have viewed on TV, to process information presented and

-3

to apply it in novel situations. Such methods may indeed significantly increase

the effectiveness of ETV by changing the student focus from one of absorbing
] . .

information given .to actively using information to develop deeper understandings

’

of concepts. .
Reich and Meisner (1972) investigated the effectivéeness of color

versus black and white television concentrating on factual retention

of subject matter. Researchers tested 12 seventh grade classes in

Toronto. schools. They found little ev1dence that color was a different )

1nstnuct10na1 medium than black and white.'.Data suggests that color

may reduce value of the spoken word, making color a valuable medium

only when mater1a1 to be taught 1nvo1ves V1sua1 exper1ence or a dramat1c

", event. . o
Schramm (1971) surveyed 120 research sthqies on the content and
., strategies .of ITV. He concludes that color seems not to increase

-learning untess color is what is to be learned. A large screen seems
to be of little or no advantage over an ordinary screen. Students like
a talkback system but seem to learn ho more when it is present. There
seems to be no advantage for existing three dimensional projection.
Eye contact seems to contribute to learning. In general, two useful . »
gu1de]1nes emerdge, simplicity of presentation and active student

. paftﬂcnpat1on.

It is interesting to note in these studies that in times of ‘emerging
techno]bgy capable of colorful graphics and displays that black and white

~

imagery'may be just as effective except in cases wheré color is the message.

It may well be that color detracts from both the verbal and pictorial message

being presented. Schramm's conclusion about feedback is not shared by other

(3

researchers.




o

-~

’ ) In the course of experimentation with television over the past.years

- several different approaches to instruction have been tried. These.can be

,classified into two broad categories, *information givfng and problem.solving.

fProb]em solving includes the discovery approach and therefore programmed

_,instruction.

Gropper and Lumsdaine (1961) did. a series of experiments employing
the best research techniques available at the time on programmed in-
struction using television. They constructed a series.of TV lessons:

. which progressed in small incremental steps and. inclided good feedback .
and contra®ed this appreach with a conventional TV lesson. They
concluded that it is difficult and not feasible ‘te develop programmed °
TV lessons for group instruction when there are wide differences in
ability levels. Programs must be extremely well.devised to lead

students to the correct response,®therwise wrong information may
‘become fixed.

Garry (1963) did-a similar study and cqncluded there was no
significant difference betwgfn*programmed and ETV instruct{on. o

Zettl (1967) attempted 'to classify various kinds of feedback\gystemsE
used in television programming. The following is his categorization:
A. Direct feedback - the viewer reacts directly to.the originator.

This is further broken down into immediate and )
delayed feedback. ' £ SR
B. Indirect feedback - the viewer does not react to the teleteacher

, until the-end*of the lesson. Most common’form

is letter writing. Indirect immediate feedback

occurs when the viewer can observe a studio

" class react. Indirect delayed feedback occurs

when the teleteacher asks the viewers to engage
- , . Jin specific activities following the lesson.. i
C. Displaced feedback - the reaction of viewers takes place independently
for instance a discussiop among the viewers after
s the telelesson. .

s

- <

\=

< v w

A considerable amount of reskarch has been done on the' usefulness of

the varipus feedback systéhs. Bryan (1961) did an extensive evaluation of .~ -
“ ’ . ' - B " ’ *
chemistry and physics courses taught by televiston with and without feedback,

He cong]uded that f?r physics there was no significant difference bé%Weenf\\\

. treatments, but for chemisty ?TV plus direct and displaced feedback wad
N ’ .. Co 2L
significantly more effective than either alone. o
Wolgamuth (]961) did a étudy combaring the éffectivene s of three
feedback techrtiques; TV only, TV plus di'rect immediate feedbark; JV
blus indirect feddback, and TV plus electical feedback devises. 80
students were assigned at random to treatments. Pre- and posttests-

. B a
. * ) 3
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were given to measure achievement. Results showed no significant o~
.. differences among the methods indicating that feedback had no ‘effect
*-on learning. ’ -
Kumata (1960) did a survey of ten years of research on telévision
teaching and concluded that there was no significant difference between
" television and classroom teaching in informatign gain, retention, and
. feedback. More sirprisingly he concluded that feedback machanisms are —
, © ' not a substitute for interdction, but-theigmpresence gives students .
) & o reassurance. When they are present, such mechanisms are seldom used by
e .S students, however, students ‘feel more at ease when they are present.
-+ The best results in information gain are obtained when a discussion -is .
held after a TV lesson by a competent teacher.

It would appear then that the use of programmed instruction be left to
%he individual teaching machines and that for TV we sHould rely on.a well
constructed, information giving technique. Individual differences arevtoo

vast to Qe treated in the same manner. Attempting group instruction by
}
programmed television may lose too many studgnts_and, if g0, is not desireable.

In regard to feedback mechanisms, stwdents seldom, use thgﬁ when they afe

available and there seems to be no significant difference in achievement when

" they are not present. ; : ; . k . .

P

_Finally, there are indications that Ef%»may have effects not only on

‘students, but also on teacher behaviors. ‘ _
: . , ‘
Yeoh (1973) systematically aobserved 15 teachers and their intact
- classes of sixth, seventh and eighth grade students in San Francisco as
they used a series of ETV science lessons. Conclusions drawn from the
- results of how teachers supplemented the presentation .indicated that -
the extent to which the TV broadcast matched the class schedule determined.
whether or not the pre-teach and/oy" follow-~up instruction was included.
Further, “teachers exertéd considerable direct influence on students
verbal behavior. There was strong indication that student success
on the criterion test administered was a function of the teacher's: skill
in questioning and directing and reinforcing appropriate student cognitive
"processes. Yeoh also ngted that students indicate that,they have
realistic and pedagogically sound suggestions about the.ways LTV is used.

- ‘ . P




SUMMARY _ . o “ ‘ ~ e

-

From the past research done on.the uses of ETV there are obyiously some

functions which it can perfoFm effeetively and others at Which'its effectiveness
is less c]ear In reviewing the research severa] po1nts have been brought out

1. Whether students’ are taught by telev1s1on or by regular classrbom instruction
-

ach1evement follows the usual pattern of those with h1gher ab1]1ty learning .

more than those of Tower ability, i.e., good students will }earn regardless

t . R }

of the manner in which they are instructed. e
e - o

2. The subject in which television is used is a detekmining factor in whether .

or not it will be effective. Télevision-seems best suited for instruction

S

3.. A telev1s1on lesson should be fo]]owed by a sess1on with the classroom.

A}

teacher in some sort of follow-up act1v1t1e§ and/or d1scuss1on

I3

in the séiences

4. Television is more readily aecepted.by elementary students anq adults 1"

: . . ' sl ‘
" than by high school or college students: , ; °Y

5‘ Retention~is a ouestionable aspeot of ITV, however, information delivered
over telev1s1on appeans to be retained at least as We11 as that de11vered

in the convent1ona1 c]assroom

6. Television has several advantages.useful ip science education: <

! 3

_a.'” Magnification of demonstrations anp-visual aids can give everyone a

.
N . ’ N

good view-qf -what is "being pYesentedt '

!

bl Resources. and author1t1es can be brought into the classroom which would” .

—.’\ -

not otherw1se be pOSS1ble.y
' c. “Compensat1on can be made* for'weak areas ,in teadher backg+ound Th{s is

especwalJy 1mportant 1n the e]ementﬁ?y/:chool . .

v a

- ]
d. Lessons on TV-are genﬁra]]y better prepared afd more precise than those

-

\'presented “in the regular c]assroom . ' - .

L]
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ST Teachers often lack 5%133t1es-neces§ary to teach effectively us1ng

. .
7. Te]evision also has severaJ‘]imjtationS°f

“y e s

e T ' 9""'“'?v~»

~b. TV exposes  teactter weak S é%&ﬁ? i'

v1a the media.~ E N ﬁ;

as the ]esson proceeds.

" CoNCLUS TON ' / ATE
N

With 1ts power to extend teach1ngxﬁm§s power to record and store events,
. its power to bring the world of science jnto the cTassroom ETV is an exceptional

adjunct to the classroom teacher. In some 1nstances, part1cu]ar1y w1th h1gh

e

ab111ty students TV can be. uséd as the medium of rnstruct1on in 1ntermed1ate/

°

middle schoo] It is clear that used for 1nstruct;ona] purposes ETV can be

r

= as effective as regu]ar c]assroom teachﬁﬁé at least for short term student

exposures. ‘Its most effect1ve use appears to be W1th the c]assroom teacher

B

/act1ve]y 1nvo]v1ng students 1n follow-up act1v1t1es and/or d1scuss1on to cause

-

students to synthes1zeand app]y 1nformat1on presented via TV and thereby deve]op
a more thorough understand1ng of it. Students can not. be cons1dered inactive
absorbers of 1nformat1on. In science thp ab111ty to TV to magn1fy, show deta11,-
1ntroduce sc1ent1sts 1nto the c]assroom, show demonstrat1ons that wou]d otherwise

be 1nfeas1b]e and in genera] support the 1nstruct1ona] ‘process makes it a
v ‘/

-

Jaluable asset to education. U

+ o
‘ -

However, desp1te the past 30 years of research on ETV and the,comp]1mentary

verba] and written conc]us1ons regarding 1ts usefulness in sc1ence it is® s

s

fact that EJV is not s1gn1f1cant]y used in science educat1on at any ]eve]. This

©

can perhaps be explained from a number of perspect1ves. First ETV is st1]]
re1at1ve]y expens1ve to use. Asidé from the purchase of equ1pment such as

mon1t0rs and VTR's there is the additional expense of operat1ng studios, produc1ng

qua%:ty programs, and scheduling the1r use. Such operat1ons have so far been

.

] ) -V ¢ .
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taken over by professional corporations which may or may not have any insights

EEEN .

into educatianaf systehs and needs of classroom teachers.

Secgnd and perhaps most impoﬁtank]y, teachers are not--familiar with the
Uses of the media. They haYe not been adequately trained inﬂtheir preservice
.ﬁreparation. There are no school or inservice prograhs,genera]]x available
for teachers to become familiar with ETV and its advantages. There aré costs

L]

d " \ . ) . -« -
on education dollars it is not likely that this situation will soon change.

It seems clear that until some impefus for training teachers in the'use§ of
ETV are pr®vided Ht.ﬁi]] remqin for the most part the subject of educational

research rather than of educational use.

-

involved dn such inservice programs as well. In times of increasing demands -

“

by
-
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- ‘ ‘ EDUCATIONAL COMMUNICATIONS ANO TECHNOLOGY AS APPLIED T0

“ ' SCIENCE EDUCATION IN INTERMEDIATE/MIDDLE SCHOOL
\ N C . FIM
'Y N - Q“ . .;:-». t
l'.,( s ' “ . o
‘ INTRODUCTION - - T

F11m is probably far more commonly used by-sciepnce teachers than ETV at

the.present tine Film can be an integra] and essential part of the science .

classroom s1Fpe it is ab]e to br1ng to students experiences, p]aces, resources,

»

s and 1nd1v1duaTs to Wh1ch they weu]d otherW1se not have access, F11ms are most
often used to show dn experwment requ1r1ng spec1a1 mater1a1s or substances which
could not he performed by students, to* show unusua] phenomena,\organ1sms, eco-

systems, etc., to show scientists at work, and to show events in either reduced

I3

or expanded time frames so that events that would otherwise not be‘obserVable by

"students can be shown, i \ - ) " ‘,'- . C
* A ,-‘l' - l. Q./ - - ) .
. ‘Film as used in this chapter includes several differing formats. These are:

" .. T. 16@m films - by far the most comron form of large group énstruction used

- f

)

in science education (Brown 1977)

N T~ 2. 8mm f11ms and Super 8 mm film -, the most recent 1nnovat1on 1n film -dre
"*““-~——-___\“
' available in open ree] or_cont1nuous Joop. Though most are siltent AEWET™

i e e

'techno1ogies’provide'sound_track as well, The film loop cartridges require: -
no complex threading making-them.ideal for individual instructign (Brown 1977;

"Wittich & Schuller 1979). C o %

3; V1deotaoe - often referred to in the 11terature e1then_thh film or cons1dered

" -

Y
synonymous with f11m. y1deotape prov1des ‘motion and sound usua11y in:

-k ' ) cartr1dge form making them increasingly appea11ng to schoo]s Videotape is

not dea1t w1th in, th1s section. See Chapter 1 for an overview of* research_ o

L}

L on v1deptape ’ ) . 2.7 ™

° L MY s R ' oAl




‘effective use of film because of unsatisfactgry subject matter,'qua1ity of

. . -
»

4. Filmstrips - low cost %i]mstrips usually accompanied by audio tape are
Qro]ific in.science education. Like film,filmstrips can bring visual
information into the classroom that otherwise would not be available. .

5. Slides - considerec along with filmstrips to be still nrojection of fitm,
slides have several advantages. .They may be rearranged to emphasize different
points, deleted; added to and in short are more flexible that other types

o~

of film (Brown 1977). ) .

¢

d

The majority of the films used are of the expository type regardless of

_format. There has been comparatively little‘change during the past forty years

of science film production though there seems to be increasing use of some of

the present day sophistication in the technology such as animation, fade-in, _

‘fade-out, wipe, close-up, dissolve, etc. Both scene lengths and total £ilm

1ength are longer in redent films.(Razum 1972).

Research shows, however, that science teachers have difficulty.making

script, quality of production, obsolescence, vocabulary difficulty, and
advertfsﬁng. Barnard (1956) reviewed 24 science films and, reported 44% served
- ) s - A .

no unigue function and contributed to none of the objectives of science in

fsecondaTy schdo] TIn"a rev1ew of f11mstr1ps, less than half the frames made any

contribution to sc1ence content, methods, or att1tudes.

~

Wittich and Schyller (1979) report reviewing the researcn on the use of L
filmstrips andnstill nrojection and conc]ude that it is an effectjve means
of communicating factual information and certain skills; that.combining stt]]
projection w1th other methods of instruction is likely to produce the most
efficient 1ea;n1ng, that still proaect1on materials must be se]ected anc used

carefully if they are to be effevt1ve In reqard to films research shows that

film can be eFfect1ve if students are proper]y prepared for v1ew1ng ‘Wittich

and Schuller conc]ude that f1]m is Tikely to result in greater student learning

7

L
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when: . Lo e . : -

"]. Students know how the content of the films is related to the

subjects they are studying... '
- 2. Students know the specific reason they are being shown the film. .
» 3. Students know what, exactly, they are expected to learn from the films.
4,

Students understand that the films are learning experiences..."

)

[}

RESEARCH ON THE EFFECT OF FILMS ON STUDENT ACHIEVEMENT

The following fourteen studies deal witﬁ the effect of film on student

achievement in science. .

*Barnard (1956) reviewed the research on instructional methods and
materials utilization in science. He concluded that if teachers were not
sure of the quality.or content of the media they should not gamble with
class time. Carefully selected films have educational value. .Sound, 16-mm
films were found as effective as teacher demonstrations in science. Some
films can present concepts not taught by other methods. Where films are
effective there was careful planming for student preparation and follow-up.

This early study mékes the same conclusions and recommendations as Wittich
° = *

Q

1 and Schuller in regard to use of film %n the classroom regardless of subject area.

Hubbe11.(1957) compared filmstrips, student activities, and seience®

text  effectiveness on eighth grade student achievement. A subsidiary purpose

of the study was to correlate scores on a.standardized test of primary

mental abilities with-réspect to gains in information obtained through

the three instructional techniques. A rotation plan was utilized to have

a different method of instruction in each unit of the study. At the

completionof a unit: (three units of s¢ience were used) each of the three

sections was given a final unit test. At the end of the study the three X
- -tests were-administered again in the form of a retest. “An interest dnventory

was also administered.' The filmstrip was presented exctusively with no

0ther- demonstrations. The text was a basic text used as a-source of information

for the three units. The student activities, treatment involved studentd in

lab and'simulations designed to teach the concepts in the three units. The

activity method and the filmstrip were more effective than the text in providing

for student achievement for eighth grade students. The filmstrip and

activity treatments showed no significant differences in student achievement.

irrespective of the differences existing among students in mental abilities.
Hall, Johnson;, and Vandermeer (1964) compared the effects on tearning
achieved from 1) existing commercial filmstrips combining visuals with
printed captions, and 2) similar filmstrips covering the same content, but
presented in small, previously tested segments with active response required
of. the students. Also attempts were made to study the effects of group and
individual pacing gnid measure effects of confirmation of response to questions
asked during presentation and compare the results with results’ from
presentation with no confirmation in group presentations. The captions
were read both visually and orally, but in individual study the students had
noigrg] presentation. The study was made with students ingrades 5, 7, 11, and

. ) 24 ’
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12, Results indicated that in all grades the programmed presentation
produced better posttest scores. At fifth grade level programmed filmstrips
with confirmation in a yroup presentation showed significant]y different
posttest scores in achievement than individual self paced instruction. At
seventh grade programmed filmstrips were more effective than nonprogrammed
filmstrips. At eleventh and twelfth grades results were similar to seventh.
No conclusions could be drawn concerning relative effectiveness of individual
presentation and pacing-or of group presentation and pacing. HNo significant
differences were found that would verify effectiveness of confirmation.’

Both these studies demonstrate that fi]mstr{psocan,be an effective means of

-, Q@

. _: - - ﬂm‘x . —- . . . .
instruction in secondary science. Questions of adjustments or additions to

.

]

the film or filmstrip such és pacing are the subject of a later section of this

- >

overview. -« o
Wittich and others (1967) designed a program to develop and teach )
a high school physics course via film consisting of 162 daily half- hour -
lessons via television.» A complete 16 mm sound motion picture of the
. . lesson was “available thus bringing, the two media into interplay. The
resulting films were labeled tele-films or T-films. Following the
viewing of the first films planning was initiated, to evaluate the physics
. study- situations. Control (782 students) and experimental (550 students)
were set up. Physics te€achers agreed that the films offered excellent
laboratory demonstrations and experiments not possible in the ordinary
R high school Taboratory and that'the content of the films was ekcellent.
Data was collected by questionaire on feelings toward the films. Achieve-
ment of students in physics wds compared. Many teachers disapproved of
giving up almost all of their class time to the films. Others fe]t';hat
a film a day did not provide enough variety or flexibility in the program.
-Students felt that the demonstrations were excellent, but that the pace
was too fast, the mathematics tdo advanced, and that they had no time in
school for practice or experimental work. Control students expressed a
... -higher interest.in science- that -the T-film students-and-anticipated -

" .going to science class more. Intelligence had a positive influence on
students' interest jn science, the higher the intelligence, the more
interest in science. There was no 'significant difference between: text
and film groups in course achievement. There was significant difference
between groups on the information included in the fiims only: Retention
over three months favored the control group at the .01 ]eve]u

Studiesssuch a§sWittiCH'sasuggest that though films can be as effective as
reéu]ar classroom instrfiction in providing for student achievement they can be

over done. The negative fee]inés of teachers toward film usage, the feelings

of constraint on time by students, and the higher interest in science of the

nonfilm grOup:suggest caution in dsing film as ‘the pr{mary means Qf'instruction.

v L 3
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Twiest: (1968) evaluated the <ffectiveness of’ the use of author
produced filmstrips supplementary to dissection in high school and college
biology classes. Two similar biology classes taught by the same instructor
were used as experwmental and control groups in five schools. The
“experimental groups previewed the appropriate filmstrip before a dissection
lab. During the following lab periods, students were free to run the
filmstrip. In the control section class was conducted in the conventional
way without the use of filmstrips. All stPents vere given an investigator
made pretest of anatomy knowledge. After dissection students were admin-
istered a test of knowledge and recognition. Results showed no significant
differences between the groups. -

Wloodman (1970) investigated the effectiveness of 15 PSSC films on
physics achievement and Understanding of science. 486 students-in 9 high.
schools in Massachussetts were divided into 3 treatment groups - 1) no
science films, 2) 15 PSSC films closely related to questions on PSSC
achievement tests, and 3) 15 PSSC films unrelated to PSSC tests. Measure-
ments of physics achievement were the PSSC tests. The Test of Understanding
of Science (TOUS) was also used as a pre- and posttest. Significant
differences (p < .05) were found in achievement to favor the no film
group. No significant differences was found between groups 2 and 3. No
significant differences were fQund on the TOUS. Boys in group 2 scored
significantly higher (p< .05) on PSSC tests than-girls. Mo differences
were found in response to the PSSC films by IQ or prior achievement in .
science. . :

woodman's'regqlts for phyéics students ihdicates that films are ineffective

in prodycing significant achieveq;nt in°science. However, one must be caytious

in interpreting this result. “As in Wittich's study it may simply be too much of

too many films. A more judicious *choice of fi]m§ to show what cannot be shown

by other methods éathér than using fi]m‘as the p}imar< medium of instruction

iay be'a useful approach to the use of films in science. Woodman's conclusion

is also warranted, He urges that selection of films for classroom use in science

~

‘ should be on- something other than for student achievement.

N - ' 4

o Péter& (1972) conducted & Study on the utilization of field trips and
sound films. The treatment group recieved science content ‘films in the
classroom. The control group went on -a series of field trips related to
the same content as included in the g{?ﬁst Concept dévelopment was, measured
by means of a posttest. .There was no statistically significant difference
between the methods in student achievement. Peters concluded that films
could effectively be used in the classroom to eliminate time consuming
travel, could permit increased student exposure to various resource sites, *
and -could eliminate direct contdct with dangerous resource facilities.

- * .
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Brown and Ladd, (1974) compared an audiovisual program consisting
of slides, filmgirips, and audiotapes with field trips on achievement
of fifty students in an earth science course. The program was evaluated
and revised weekly with.the number of lectures increased to two by

student demand. Afjer one semester studént test scores were compared.
There were no signiticant differences between treatments.

Both Petérs and Brown and Ladd have demonstrated the effectiveness

, of film as compared to field trips. This could mean considerable savings in
‘ . . ,
time and expenses for courses in science. However, such comparisons ar

dependent upon the availability of films with content which meéts the specific
needs of the courses in question.

Trohanis (1975) studied Audible Multi-Imagery (AMI) programs
(three screen slide presentations with audio) for the effect their
lengths have on learning and retention. 253 high schoal psychology
Students in ten classes were divided into experimental and control
groups. One class was used as a control group. One thirty minute
AMI program on “introductory high school psychology was developed.
The program was arranged $o0 that it could be broken down into three
ten-minute segments. The experimental groups were divided so that
they were shown program segments of 10, 20, and 30 minutes. A.
posttest was prepared and administered for each segment. Results
indicated that the ten-minute segments were more effective than ;
30 minute segments, There were no $ignificant differences between
the ten and 20 mid&te segments. ‘ngre was no significant difference

-in long term retention. :

o Allen (1975) investigated the effect of vieWing a single
concept 8 mm film on second, fourth, sixth, and eighth grade students'

.response_to a set of questions related to.the' film. . The .293.students --.. -- .'.-..

" who participated in the study were randomly assigned to three
different groups at each. grade level. One third saw the single concept
‘twenty minute film on biologital food chains. -One third saw a similar
film but without the food thain information. One third served as
controls and viewed no film. Pre- and posttests were givenw On
the factual portion of the test the concept film group significantly
(p. <.01) outperformed.the other two groups. The author concluded
that film does teach factual content at all grade levels tested.
+ N Al N
Tyson (1976) reported a study of cancer education and awareness
program on 429 secondary school. teachers and 7,633 secondary school
students and their parents. The presentation was a one-hour lecture
slide program. Two weeks following the presentation questionpaires
weré administered. Results showed Egat teachers and students increased
" .

[ 4




) ?
" . \.

knowledge of cancer information, tiachers showed sgore correct responses

than students’, and 92% of the teachers judged the P ’sentation to be of

value, ) - T

N _ .
) Chan (1977) described an audiotutorial slide program for zoology
students. A’self-paced system was devised for observing tHe content
covered in twelve study units. The post ‘testing evaluation revealed .
. . that students-with lower grade point aveérages achieved scores comparabie a
~ with students of higher grade point averages. . o
: - . . N
Feshbach, Jordan, Dillman and Choate (1978) compared the effectiveness.
. Of using slides and graphics and a numberic method of transmitting nutrient
' information on 88 subjects ages 4 to 10 years. Results indicated that
subjects could understand the complex relationships at an earlier age ot .
using slides. Slide presentation was judged to be superior to numeric
presentation. - ) &

5

. ; 4, e
\\~The§g§i:::;es overwhelmingly demonstrate that film ts an effective means

of providing Ter student achievement in science at both the é]ementéry and

-

secondary levels. As with other media preparation and-follow-up significantly

intrease effectiveness. The most effective use of film seems to be in combination

3
8

- with other instructional strategies rather than as the sele means of instruction

a

for effecting student achievement.\

~

< . RESEARCE ON THE EFFECT OF FILM ON STUDENT ATTITUDE o
. A number of gtudies on the use of film in science education hgve‘focyéed
Lt -primafily on attitude change. .IheV.‘fdllowingdée.'ven';stuc’iies.aré;.nepresent@'tivew -
of sch investigations. i ‘ ‘

' : Schweitzer (1963) investigated the effect of color and black and
\ white films on attitude modification. Specifically, he questioned whether
' color eAhances efficiency of instructional sound films, whether it contri-
butes to retention, and whether students express a preference for color o
- films. The following cenclusions were reached. 1) Color in some
cases did enhance the effectiveness of instructional soufid films in ‘
.modifying attitude, 24 color films maintained a slight but statistically
. insignificant advantage over black and white film in retention of
attitude, and 3) there was a consistent preference for color films over
black and white fqr both sexes. 2 '

&
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mental age, achievement test scbres, or science training of parents.
1 ‘ v oo2 OF SLIGACE Zraining ot pareats. |

S g - .
- .

Wicklineé (1964) investigated changes in attitudes of Jigh school

‘Students concerning science and scientists after viewing a series of -

ten motivational films.- An experimental group of 113 students was com-
posed in two sections each of tenth grade biology, eleventh grade -
chemistry, and twelfth grade physics. A control group of 13i students

was composed of two sections of tenth grade biology, one section each -
+of eleventh grade chemistry and American history, and one section each

of twelfth gragf'physics and gociology. Both groups were pretested with )
the Allen Attitude Scale-anc {Re Facts About,Science MTest. The experi-
‘mental group Was then shown ofe film per week until/al\ ten films in the
Horizons of Science Series had been showni "The twd teSts were administered
as posttests. There was no significant. differencé in changes in attitude
between the Qilm and no film .groups.” None of the six variables of grade
“fevel, course content, mental age, total SCAT score®, sex, or elective
.science courses was fguﬁd to be significant]y related to changes in
attitude. Differences-in changes in understandings of science between

the film ahd non film groups was significant (p < .05). The u‘gerstandings
of the film.group increased slightly while the control. group got worse.

The films provided positive reinforcement for the experimental group =
resulting in a slight improvement in understandings as compared with a
definite decrease in understanding for the nonfilm group.™ . :

X .
Dunfee (1967) reported in a review of educational research literature
that Allison had reported favorable attitude change of fourth, fifth and

-

ijth grade students toward sciencegcientists, and science careers after

viewing a series of science films. 11ison (1966) investigated effects

" of treatment (film), grade level, mental age, science achievement, sex,

and science training of parents in relationship to student attitudes. The.-
Allen Attitude Scale was used as a pre- and posttest. Group 1 received

no films, Group 2°'viewed films only, Group 3 received film and discussion,
and also, received questions pr?or,tc the films, Group 4 viewed the films
and discussed them with the investigator, Group 5 viewed the films and

discussed them with their regular teacher, Group 6 did not view the films. !

Attitudes toward science, scientists, and careers changed, favorably by
all treatments. Changes im attitude ‘were not related”to grade level,” -

.- Trinklein (1967) reported & study of using full film and excerpts
on attitude formation and acgﬁevement of 382 students in Chem Study.

A combination of whole film dnd excerpts produced greater gains in know-
ledge and attitudes than either film or excerpts alone. :

Deture and Koran (1975) compared the effectiveness ofiliye peer’ -
presentations versus filmed peer presentations on 22* fourth §rade students

- from a deprived neighborhood. Two groups of studerits were selected to

perform a science activityf The treatment group first watched a filmed
explanation of .the activity. The control group did not watch films. The
treatment group generated significantly more positive behaviors and less
negative behaviogs in thefactivities. T -

.Simons'(19800 studied ‘the effect of structufe of film narrations on
achievement and attitudes of 70 tenth grade bio]ogy students. The study-
extends the research on the positive effect of structured lecture presentation
on achievement- gnd attitudes to film. Intact classes randomly selected to
participate-in the study were divided intg two groups each viewing fwo -
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T e $%ims&.ene»wqth:ht§h. trﬁct&réd narratlon .one- wvth lgw structured
o -t - navratieRs Pretes nokanowiedge of:. film condent was given.\ Three
T © - posttests; f?ee reéat¥ afteet1ve test, “and mm1t1pte ¢hoice test wen PR
L~ . - given. pr)oWﬁng the—fﬁtmu “High strUCtUre £iTm groups shoved staf cally .
N sagn1f1cant {p-< QS) dlfferences over.- 1ow structdre. Film groups-on ati-: - .{2
‘ _measures,.’ The “authgr Cencltides that. film. pqoducers neéd to better attend<‘-- e

-~ to fﬁ}m‘structure'tO'enhanee kngwﬂedge acguxstﬁen and;promote affect1ve AT
responses to f11m tent A - . '.??'
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« - . ‘_ Sxmmons;echoes the-samé chailenges to fz?m/producers made by . A:'f

[RRRSe - .‘.
3 ~ ST -

| Barnarg (1956 that Ts;faTm p#seucer%*need to attend mone e}osely to the

. * structure and cgmpos1tren of thet’~creat{0ns in order to maxlnnze the1r effeé

’f— .
.",/ .
/,/f

- It seems c1ear however fram the numerous studtes c1ted thus,far that film
can not only enhance.effe&tlve 1eern1ng, bat can also effect s1gn1f1cant :
changes in student attitudes toward sctence, toward E%ientists,_and toward

\ science careers. E , | h ’

. % | o
RESEARCH ON THE EFFECTS OF MANIPULATION OF VARIABLES USINGTFILM . ,
_ A number of studies thus far reported in this paper ha&e 1nv01ved man1pu1at1on

} .of parts of the film presentation to determ1ne the best or most effective use
“of film with students. Hall, Johnsgn, Vandermeer (1964) for exemple studied

.effects of differing presentation ef filmstrips; Brown and Ladd‘investigated,

v ~ combinationsTof film presentation. as did TrohanTS’k1975)f Schweitzer studied

e the'eﬂfect of co]oﬁk\Q;!ison (19665 studied combinatgons of film and discussion;

" Trinklein (1967) looked at using whole films versus excerpts; and Simmons .

)
" &

coﬁpared the effects‘of\structure of films. A number of other studies, some

P

of which. are reported in\this.sectidn, have investigated other variables in

.
4

relationship to fi%m usage in the classroom

agrphy (1961) stud1ed the effect1veness of f11med introductions to -
. a general science f11m on achievement and retention of seventh grade
3 stu?ents 271 students were randomly assigned to 5/treatment and one
no treatment groups. Three 'types of filmed introductions were tested: =
1) presentation of technical vocabulary, 2) general description of |
content, and 3) a set of questions directed toward the content presented -
in the film, None of the treatments produced statistically significant

;x ‘ ’ . 30 . 35
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S -mi ' \différence§ dvef%use of the film a'sne or to'oﬁe‘another. ATl treatmenis
U * - 'were superior tQ no treatment. .Lower IQ students' means increased as more
=" ..~ “information was added to the béginfing ‘of the film.

o This study though not specifically stated is related to a number of other

. * P
R

b . *7 sttidies on th& use of advance”organizers on student achievement using film,
":1 . //inﬁﬁ_AusubeW has suggested that p;ésentation,of advance 6rganizers in directed

or nondirected instruction significantly enhances student performance and

-

achievement. Murphy's data seems to suggest that such advance organizers do

not have an effect on achievement. . .7

. Thelan (1970) studied the effect of,advénce'organﬁzers and -gquide ..

A questions used with seven earth science films in effecting achievement’
-and attitude changes in ninth grade students. 340 students were randomly
assigned to four treatment groups. Only 137 who had ctompleted all parts -
of the experiment were inciuded in the analysis. Group.l had advance

. organizers five minutes before the films plus guide questions and
- discussion after the films. Group 2 had guide.questions and discussion,
' Group 3 had advance organizers and discussion. Group 4 had discussion only.
- K No significant differences were found in achievement or retention. Students
not' using advance organizers dempnstrated a significant difference in
attitude change toward film as an instructional tool. Change in all
groups for*attitude was negative. . - ‘

t

Teather and Marchant (1974) investigated the effects of cueing,’
questioning, and providing knowledge of results along with films on
"students in educationgl psychology. These devices were incorporated
into the fTlms to encourage learner participation’diring brief intervals
in the film showing. Results shbwed that the effect of cueing, that is,
the presentation of items of information via a learning booklet prior
X to showing the film did not show staistically significant results.’
ool Followihg the.student's _attempt. to. answer .4 question by the correct .
answer was significantly more effective than questioning without ‘the °
correct answer. -0 v . -

Lawton and Wenska (1979) studjed 237. rural kindefgarten, third and
- ,fifth graders to determine their learning and rétention resulting from
~,// three types of advance-organizers. Students were administered the *
Peabody Picture Vocabulary Test.. Those scoring in the lower 25% were
randomly assigned to one of the three :treatment groups; 1) high order
concepts, 2) high order rules fog c]assifﬁ&atioh; 3). coembined content
and process. ‘Control group received no treatment. Advance, organizers
° were slides and picture cards designed to.énhance content and gqrgani-
zation development. Group 3 was‘most effectiye for all three groups

-~ .

.- (p < .05) for achievement and retention.

- : Bowyer (1979) investigated the influence ‘of ‘visual and_verbal
P ordanizers dn cognitive learningafrom films. Students in sevenmth grade
‘ (193 subjects) were,.divided into high, medium, and Tow level% based on
" achievement on a standardized science test. Experimental groups were

;o : .
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'3, . given visual introductory materials for the films. One group was told
) 4i£ write about the materials, the other was given no instructions. A
ntrol, group received-& written summary. Students viewed several science

films and were tested op their content.. A retention test was given several

weeks later. No significant differences were found between groups.

'Y

- The question of use of advance organizers, in combination with film.
is thus in question. In some instances advance organizers appear to enhance
achievement in using film, in others there are no significant differences

when they are used and when they are not. .
Moakley (1968) tested the effects of periodic variations in an

instructional film's normal loudness level for relevant and irrelevant
film sequences. Rigorous pilot studies, ‘random grouping of seventh
grade students for. treatment,.and ratings of relevant and irrelevant
film portions by an unspecified number of Judges- preceded the experi-
ment. . An analysis of variance for the four experimental groups

- suggested that higher mean performance was a result of decreases in .:
loudness rather than increases, regardless of relevancy of material
Another analysis suggested that decreases in loudness for irrelevant
material resulted in higher performance than decreases.for relevant
material. For' the three control groups whose film sequences were
constantly relevant more learning resulted from loudness Jevels both
above’ and belgw normal than from a normal level. High performance
levels were positively related to high intelligence levels.

AY

) Mori and Tadang (1973) investigated tRe effects of abpormal motion

> picture films have on influencing a student's perception of space and
time. High speed films were projected for 3 min.-7 sec. while slow
motion films were projected for 6 min. 11 sec. The high speed films
were shown to 42 twelve year olds and 59 six year olds. Slow speed
films were shown to 45 twelve year olds and 35 sjx year olds. Before
and immediately followW" viewing each subject was tested on judgement
of motioh. Results showed a significant difference (p < .01) for both
age groups who viewed the high speed film. g o

These studies suggest that abnormal adjustments in the use of films
in the classroom have sighificantly different effects on student achievement
and perceptions, Thig is particularly important wherg particular émphasis

’ . . . ok
Ts-desired or in the case of film speed where perception of motion is important

tb concept deve]opmenf.

Blomberg (1974) compared the effectiveness of the laboratory
" approach, standard reading/lecture, and films on overt behaviors.of :
sixth grade students in 2 schools. Four droups selected at random -
studied the ESS units over three 6 week periods. The film group used i
ESS film loops and videotapes. The Overt ehaviors Test which identifies.
student actions such &s tell, write, show, demonstrate, and construct was

32
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given as a pre- and posttest.. Results showed no significant,difference

in the three teaching methods: There were, no significant differences
due td sex.

Blomberg s study is 1nterest1ng in LQat it shows that films can be
Just as effect1ve as other teach1ng methods in affecting student behav1ors

However, it is difficult tc see how such_a short treatment would be expected

S .

to change s}gnif%cantly student behaviors after being in sEﬁoo] for § to-6’

years. ‘ ) .

A few additional stud1es:have investigated some interesting aspects of

P

the use of film in science classrooms. ° _ s '
) Kazem (1960) selected two types of film, the informational/exposi-
tory and the historical/dramatic to be seen by tenth grade biology students
to discover their effect on understanding seientific method. Studepts
were matched by prior achievement, 1nte111gence, sex, age, school and
grade. Posftests showed a s1gn1f1cant increase in understanding of the
i sc1ent1f1c method in all treatments. The informational/expository film
made a significantly greater contribution to understand1ng than the
h1stor1ca1/dramat1c T?e films viewed together made a greater contri- /
bution in student gainsfthan either viewed alone. .There were no )
s1gn1f1cant dvfferences by ab111ty 1eve1 ’ ) :
Barker (1969) created four s1ng1e topic film loops and corresponding
teacher guides designed to elicit hypothesis formation on the part of
high school students. 100 chemistry students were shown' a sequence of.
the films. A first hypothesis was constructed immediately following
the film display. Students were then shown experiméntal evidence and
allowed to revise their hypotheses. There were no-significant differences
between the original andrevised hypotheses. Approk1mate1y 60% of .the
- students could’construct relevant or modified hypotheses. The relevancy
of the hypotheses was significantly greater for the revised hypotheses.
There was a significant jmprovement in the ability of .students to construct
hypotheses from the first to the fourth film.

A

Castelli (1970). investigated the effect 6f 20 BSCS single topic
film loops on critical thinking abilities of high schoal sophomores.- Using
a-four group design and analysis of variance the Watson Glaser Critical
Thinking Apprafsal and the Processes of Sciencé Test were admimistered.
Results indicated that Fr1t1¢a1 thinking ability can be improved using
. an"inquiry film, But-process sk11]s appear non effected.

These few studies indjcatelthat films may have sdveral unant%cipated effects
”~ v \ s

other than achievement and attitude'ihange. Films appear to be able to effect

——

such things as understénd?ng of scientffic method, constructing hypetheses, and

critical thinking abilities.

. .
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SUMMARY |

Though many ot the films, filmstrips, s]ides:and other film media may be
ﬂstrictly‘enpository in nature and have low quality subject matter or broduction
(Barnard 1956; Razum 1972) there still remain a substantial number which can be

&
$ % .
effectively used in the science c]assroom to enhance student achieyement,

“attitude deveTopment and other student behav1ors This research review
supports the conc]us1ons of'whtt1ch and Schu]]er (1979). Hubbell (1957),
Wittich (1967) Peters (1972) Brown and badd (1974), Allen (1975), and

Chan (1977) have shown that film and\st111 prOJectlon can be an effective
1nstructfona1 med1um for commun1cat1ng factua] 1nform€t1on and certain skills.
Film is not a]ways effective, however. Tweist (1968) and Woodman (1970) fours
f1]m'to be 1neffect1ve in their stud1es w1ck11ne (1@64) Deture and Koran
(]975) and S1mmons (1980) have ‘also demonstrated that f11ms are effective in

. /
chang1ng att1tudes of students in science.

""Mittich and Schuller (]979) have also concluded that combinations of

instruction are most,effectﬁex that when media is used with oropen student
preparation andf?ol]ow-upyit is ﬁost'effective.: }h{s hosftion is clearly
ztsuoported by Hall et. al. (]964):'Munphy (1967), Tyson (1976), Deture‘and
Koran (1975), and"Feshbach et.al." (1978). B
The euidence on the use of advance organizers with fi]m'is less ‘clear.

,Stud1es‘by B1omberg (]974) Thelan (1970), Teather and Marchant (1974},

Lawton and Wenska (1979) and Bowyer (1979) are conflicting” Other variables

.

. man1bu1ated in use of f1]m may also have differential effects. Moakley's (3968)

stud1es on the effect of ]oudness for example are not clear. phanges in
¥, .
sound 1eve] and film speed (Mor1 and Tadang 1973) seem_to have differntial

effects of students ach1evement and perceptions. It also seems that film

-

can effect changes in hypothes1s format1on (Barker 1969) and critical thinking

-

ab111t1es (Castelli 1970).

-




CONCLUSION

hd Iy

There is 'no.question that film and still projection are effective means

]

. S - . . . S e g . .
of instruction in science clearly capablesof significant 1mproyements in

’

achievement. It also seems clear that‘ti%m is effective in changihg student

attitudes toward sciemce, scientists, and science careers. Factual knowledge
expecially of content not readily accessible to teachers or students can

be effectively communicated to students th;ough the use of film.

What ;é equally clear -is that without specific~p1anndng as tb the use.
of the film including thorough student preparation 'and fg1low-ugueffectiveness_

is significantly diminished. Thﬁs is nc different than what could be said
3 »
of the use of any instr ct1ona1 aid. F11m seems most effect1ve when used

in combination with otheY instructional strategies. Students need preparatwon.

' before”vfbwing film so that they know what they are to do, what they are to

organizers in preparation for v1ew1ng seem to be effect1ve in some cases but
(4 ) %\ .
not in others. It mdy be that the‘part1cu1ar k1nd of preparat1on needed var1és

. v .

with content and students. ¢ .
In additiomsso effect1ng changes in ach1evement and: att1tudes f11m may a]so

have some unexpected s1de effects. It appears that film can ef?ect changes in

understand1ng science process, in 1mprov1ng hypothes1s format1on and 1n .
£ .o L.

1mprov1ng Mritical th1nk1ng skills, > ro . v

!

)

As mentioned earlier film is especially useful to ‘the science teacher in
being capab]e of br1ng1ng into the c1assroom through photography, magn1f1cat1on,
4 an1mat1on, and time~ 1apse resources, exper1ments, and 1nformat1on not available

in any other form. The research also shows that unless“tha teacher is familiar

~

with the content and i5 clear|about the intent of the f11m.)t is perhaps better
P . - ) . ) . ) )
. *not to gamble with class time. This suggests that teachers should plan and

: : 4, . . :
preview before using film media in the science classroom.
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A

EDUCATIONAL COMMUNICATIONS AND TECHNOLOGY AS APPLIED TO
SCIENCE EDUCATION IN INTERMEDICATE/MIDDLE SCHOOL

“AUDIO

A4 -

INTRODUCTION ' . ..
A third type of media used in education {; audio. This category includes
recordings, audiotapes, audio-tutorial, radio, language laboratories, dnd dial

atcess systems. Audio learning as used in this chapter refers to "learning that -

océﬁrs through exposure to electronically recorded or broadcast explanations,,

direbtions, ard the like" {Wittich and Schuller 1979, p.\342). Because of the

variety of combinations of the use of audio with other instructional media, it
is difficult to isolate the actual contributions of the audio pgrtidn to learning.
In science, the most commonly used forms of audio instruction are audiotapes and

audio-tutorial systems. There is-somewhat lesser reliance on radio in science

"and little use of the other modes of audio instruction.

Taped instruction has severaT'advantages as noted by Wittich and Schuller (1979).

Taped mater1a1 can be played back an 1ndef1n1te number of_ times without substan-
t1q} 1oss of quality of message. Th1s is a particular advantage w1th the recent

emphasis on individualized instruction.. Audio learning can be effectnve in

Hevelopipg skills. Audio tapes have been used to instruct both adults and stu- -

dents in the operation of equipment and/or€%he performance of required tasks.
Again the capacify of the tapes to be played back'over and over, slowed down, or
speeded up eﬁab]e learners to progress at their own individual rate. Audio”
instruction also frees teachérs from needlesSQrepetition enablingithem to better

serve the needs of individual students. As with othér media, however, the effec-

t1veness of audio 1nstruct1on is only as good as the 1nstruct1quJ plan, that is,

w1th proper preparat1on and follow-up act1v1t1es or discussion.
The remainder of this chapter is divided into three sections, radio, audio

tape studies, and audio-tutorial studies. JThese are the primary uses of audio

L. | a3y ‘ )
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instruction‘in science.

RADD0 STUDIES IN SCIENCE EDUCATION

Radfé is a primary means of tnstruction in rural areasvand for correspondence
schools. For_éxample, studefits ]ivthg in the outback of Australia rely heavfﬁy
on radio for their eduction. Radio-also serves;3§7a useful means of bringing
information ‘into the c]as;ﬁbom (Witt%ch and Schuller 1979).

Barnard (1956) reviewed the research on instructional methods
and mater1als utilization in science. He concluded that if teachers
were noh sure of the quality of the audio instruction (that is for_
commercially produced or locally produced materials) or the content
they should not use it. Though it.is difficult to preview radio
broadcasts Barnard found that the studies he surveyed sfowed that
radio instruction in science could be'effective in effecting achieve-
ment in science. When carefully selected with a definite purpose in
mind, with student preparation. and follow-up radio broadcasts in sci-
ence have .educational value. .

Uslan (1964) as8essed the attainability of geographic and related
physical science concepts by fifth grade students using short wave ’
radio broadcasts. . Two groups of students consisting .of 34 students’
each were involved in the study. One group used radio, the other
‘followed a conventional instructidnal program. Resu]ts showed thata~§

* the radio group performed better in written responses (p <.01), in %
Tistening %p <. 05) and in subject matter content (p <.01).

Miles (1940) examined the, effects which radio 1nstruct1on had on -
increasing knowledge, deve]opfng favorable attitutles, and extending
interest in conserVat1op of wildlife and natural resources. Six-hundred-
f1fty—one students took %grt in the .one semester study. Ten classes of

fifth and sixth graders Wistened to radio broadcasts. Ten control classes
of, fifth and sixth graders, did not receive the broadcasts. A pre- and

posttest cons1st1ng of 1nformat1on attitude and interest items was
administered. "Results showed si n1f1cant increases in information and

. significant shifts in attitudes ?p<: 05) for the treatment grdup. No
s1gn1f1cant differences were found in interestss; but the fifth _graders
in the nonradio clasSes exhibited significantly greater 1ncreases than '
the radio groups. ' ' . s

Though only a few stud1es of radio 1n-sc1ence were found they support the
contentions of w1tt1ch and SchElJer that radlo can be effective means of Science
1nstruct1on It appears that the maJor drawback of using rad1o broadcasts 1?
the classroom is that 1t is ‘more diff1cu]t to know ahead of time what the com-

\

merc1a]]y broadcast programs will bq.,JTh1s could be alleviated by providing an

“~

3
annotated program 11st1ng much as is %:%extnr the Nova FV series.
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AUDIO TAPE STUDIES IN SCIENCE EDUCATION ‘

Audio tape .is probabdy the most widely used of .the audio media in the-sci-
ence classroom with thé possible exception of audio-tutorial which will be dealt
with 1n the next section. Audio tapes are used-to 1nstruct in the use of labor?
- tory 1nstruments (Gore and Rayner 1972 W1tt1ch and Schuller 1979),% for individ-

ualized 1nstruct1on, to oaney,1nformat1on in science, and perhaps most signif- )
icantly are a primary means of instructing the blind (Eichenberger 1974). The
fo]]owing seven studigs are concerned with audio effect, on achievément.

Hoffman (1969) compared direct and 1nd1rect audio taped lectures
for effectiveness with ninety college freshmen biology students. The .
students were randomly divided into two groups. The first was taught
directly by audio taped lectqfes ]aboratory exercises, and- gu1de
sheets. The second group partwc1pated in question and answer’activ-
: ities in addition. Pre: and posttests were administered at the begin-
. ning and end of the eight week course. A retention test was given o
. ten weeks later. No significant differences were found at the end of
-the course or on the retention.test. Both groups did favgr the,aydio.
. tape approach as’a teaching method. ‘The indirect group was a]sq des-
~cribed as demonstrating improved problem solving skills. -

It is not c]ear from the report of this study‘what the actflal test was. .In.
, one 1nstance it is referred to as an "apt1tude" test m1k1ng the 1nteroretat1on of -

e
R Qg"ﬁ; results d1ff1cu]t However, the aud1o approach was favored by both groups and |
= . 3
again the comb1nat1on of. instruct1ona] methods seems to be most effect1ve ¢
‘Ho1liday (1970) compared the use of audio tapes and printed material
on student achievement and retention of science content in tenth.grade o
. biology..  Three-hundred-fifty students were randomly assigned tq nine :
~  subgroups identifiable by the unique combination of programmed text for--
mat, group-paced delivery techniques utilized for each in the subsequent
]earn1ng and testing sessions. No 51gn1f1cant differences were, found
. in either verbal presentation or in us1ng a combination of audio and
T printed media s1mu1taneous1y, nor in using the same media in the learn- }
- ing and testing sessions. The author interpreted the datd to mean that
one of the fwo media in the simultaneous presentations was “not used to, .. v
interpret the learning material. He raises questions concerning us1ng ‘T-'
audio and printed materials for instruction. .

N
¢
W

-

.)

Holliday seems to_suggest that the combination”of media are somehow intér- =,

fering wjth one another.. Thi% is quite contrary tgp other research data showing

thidt combiﬁ%tions are, in:fact, more effective. e >
\j L 42 ) ' O" &
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Presnell (1971) developed and evaluated an audio taped program of
instruction in learning concepts of ecology and conservation, as well
as, ipterpretative skills which serve as prefield trip instructiom. One-
hundredfthirty-eight students in the upper elementary grades were exposed
to audio lessons, field trips and five written tests. ‘A control group” - .
of 98 fifth and sixth graders were administered the tests only. A series
of ten 27 minute sequential audio taped lessons were produced. Students
listened to these lessons on an individualized Pasis via cassette tape
reeorder. Results indicated that while many concept, fact, and skil
learning gains occurred, few.were significant.- It was also shown that
few significant differences in learning gains ‘occurred between field
experienced and non experienced students. The author concluded that .

~ based on the results the program-was best suited for sixth grade students.

Presnell seems to show.differential effeEté of instruction on\students of

’

different age levels. Treatment of the control groups is not altogether clear

making interpretation difficult. If we assume adbquate controls and comparable

treatment, audio instruction does not seem to be any more effective than other.

-

mean's of instruction. . .

foupd no significant&differbnces indicating that audio taﬁe is as effective as

other mbre conventiona® means af ‘instruction.

.which students with reading difficulties could perform if provided with

b

Luttreﬁi (1971) studied 52 seventh grade students who were enrolled
in.an individualized science program (ISCS) to identify the degree to o

supplementary audio ifistruction. Students were divided into two groups.
The control group and the treatment goups bothgtudied ISCS Level 1

" material.™ The treatment group received: supplementary audio tape record-

ings that‘repeated the content orally. Results from an ISCS achievement -
test -and the Comprehensive Test. of Basic Skills indicated no significant
differente in the performances of either qgroup. The treatment group

- . had greater gain scores in ‘achievement. - There were no significant dif-¢

-, ferences in gain score in reading,or math. ", .

1

This appears to be a follow up st of Holliday'é.lgzo study. ‘Again'he

. ~ ~
1 a ~

. Atkinson (1972) studied the comparative effectiveness of audio tape |
and. printed material on achievem#nt and retention and on time to complete
a required sequence of activities. Seventy-two eigif¢h grade science stu-
dents who were below or abbve average in reading ability wene randomly
divided into two groups,, The experimental group received instAUiction by
audio tape. The céntrol group received.instruction through printed ma-
terial. Posgtests wert given to d11 subjects after each chapter and a
cumulative tést was giVen three weeks after all five chap®ers “had been
completed. A retentidn test wa#given three'weeks after the end of the
experiment. Results of the study showed that there were significant dif-
ferences in favor of the audio tape grdoup. The above average reading .

ability students got higher achievement and retentjon scores with printed -

(

~

materials. . - .:)
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Atkinson has shown that as with othqr_média means of instruction is differ- °
entially effective’on students of differing abilities. The audio tape mode seems

?

in this study to be.very effective with Tow readers.

. Kroll (1974) tested the relative effectiveness of written and.audio
tape instruction on 120 fifth and sixth graders. Students were randomly’
;assigned to four groups; high ability students with audio; high ability
‘stildent's with written materials; low ability students with audio; Tow
ability students with written materials. A publisheg programmed text
in elementary science adapted to a prose-plus-adjunct question format -
was used. Findings suggested.that both high ability groups learned the-
material equally well regardtess of means of instruction. Both low abil-
ity groups learned less from the treatments. Reading and auﬁio were
equally as effective. ) : N 4

Krol1l, Holliday, Luttrell and Presnell and othersﬁéll Have found that audio

tape is as effettive as other means' of instrdction. This would sdggest that

<

selection of the media for science instructign should be based on something other
,than acheivement gains. * For example, if audio tape instruction is utilized the

k)

“teacher is free to interact with students whg may nLed additional help.

»

Audio ?eedback | ) A
A couple of studies have dealt with the effectiveness 6f audio feedback. '
4 fauber (1é71) for instance studied the effect af four feedback ﬁechani§ﬁ§ on stu- *#
dept performance in high school science. Students (2245 ih‘zrades 10, 11, andi

-~

S < d .
12 weresrandomly ass¥gned to. 4 treatments; 1) no comment - lab reports returned
with just a gfade, 2) limited comment - grade plus short word or phrase, 3)~frg§
writing - grade p]qs 19ng written response, Sﬁd'4) free tape - grade plus 3 to 8

. minutes of teacher comment on tape. No significant differences were found on

. student performance scores on the lab ex&rcises overall. Subanalysis showed sig-*
nificant differences in favor of the free tape (p < .05) for chemistry students.

Physics classes showed significad%.qifferences (p < .05) in favor of no comment.

Though apparent]y\shéwing-differential effects due to subject matter, ability.

level may well enter into this study as an intervening variable since it s common

. o = o i . . . . o
fgg'only the highest ability students to go on from chesztry to physics. Further

\?it&\& - . . 44 - < 3&’9
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maturatlon must a]so be considered. Ihough such tape feedback mechanisms might

be eas1er for the teacher than wr1t1ng long responses,'the1r effects are not

clear.

Compressed Speech - , S 4

A number of experiments have deatt with compressed speech, that is, audfo

L)

-materials p]ayed back at a rate faster than norma] voice speéds. Compressed

€

speech is possible w1thout changing the p1tch or inflection of the original

voice. . . Z ' Lo

Wittich and Schuller (1979)'in reviewing the research Qn.' ressed speech

-

state the following conclusionS'

1. Between 90 and 95 percent of the students us1ng compressed speech
derlge satisfaction from the -opportunity to change the1r Tistening
speeds.

.. As materials becomeémore understandable to 11steners they usually

" iAcrease their Jistening speed.., Listening speeds can be.increased

.as much as 50% with no loss of comprehens1on
. Most stug:‘ g halle the potent1a1 to listen to and comprehend infor- -
- mation at rates®

Thelfollowing three studies look at the use of compressed speech in scienCe

instruction. o By R . ¥
Sarenpa (1971) made a comparative study of two deferent types of
audio tape instructions. One test.group of 28.college stqdents ‘heard
the tapes compressed 60%. The control group of 29 studentsesheard the
tapes at normal speed. While the compressed speech grqup-had a 12. 3%
savings in time there were fo significant differences in achievement.

_ Rippey,(1975) reviewed the résearch'on compressed speech and found
that there were no significant differences inh achievement but substan-
tial savings in time. As the rate of prejentatlon incréases so does

: the raté”of ‘learning. The speech compressor is more effective if stu-
" dents can control the qate of speed this being a crucial factor in
adceptance of compressed speech. . ‘

~

Perrin (1976) 1nvest1gated the effects of two presentation variables
screen size and rate of presentation, and sex on cognitive learning of ¥
middle.school students. Four identical slide sets were prepared. Two
normal speed tape record1ngs were made to accompany the slides. Two 40% *°
compressed speech tapes ‘were also prepared. A test instrument was pre-

" pared to assess the audie, visual; and audiovisual content.of the presen-
tation. The test popu]at1on was 118 above average middle schi@l students
randomly assigned to the four treatment groUps The posttest- was admin-
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~ istered immediately following the presentation and again 3 days later.
Learning from the large screen presentation was not significant on the
posttest, but was (p < .05) on the ‘retention test. Compressed sound
was significantly less effective (p < .05) than normal sound on both
immediate and retention tests. -

These studies show differential reSu1ts'but also deal with different age
groups. It may be that compressed speech is more useful Qith some groups than
with others. It is surpdising to find that in Sarenda‘s,study students were 50
quick to adapt to the use of compressed speech Perrin's study may have shown

"

d1fferent results if students had time to become accustomed to' the use of com-

,pressed speech and, as R1ppey~1nd1cates, could have control over the rate of_

>

speed. | ’ v o

Other Audio Tape Studies

-
A number of other studies have been conducted using audio tapes in science.

Some of these, are reyiewed below. - - ‘
Gates (197Q) investigated the effectiveness of audio tapes when
used as a supp]ement to reading the ISCS Level I materials. Students
classified as poor readers were divided into two groups, and audio
group (n = 50) and a control group (n = 50). The audio group listened .
to audio cassette tapes of a narrator reading the ISC§ materials. The
control group was instructed by the same teacher but did not use the
* audio tapes. Results.obtained after one year of -treatment indicated
that the- group us1ng audio tapes had a significant superierity (p < .05)
over the controls in preference for science achievement, and reading
comprehens1on No significant diFference was found for understanding
of science, overa]] reading grade level, or rating of teacher performance.

This study seems to be particularly well done over a 1ong enough time frame

>

to be be]ieVab]e. The results confirm studies already summarized that audio

tape may in- fact be a significant learning device for low abi]ity or Tow read{ng

-
s -

students. . . o '

Barry -and Carter (1972) researched the use of a variety of instruc-
tional media in a.general chemistry course. These included 16 mm sound.
motion picture, slide/tape programs for individual student use designed
to teach analytical skills, slide/tape programs covering lecture topics.
Results showed that achievement of students using the sTide/tape programs
was superior to those who did not. Achievement increased with time in-
vested /in using the slide/tape programs. Afs]ight]y higher proportion
of Tow ability students-chose to use the sTide/tape materials and spend

>
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more time on them than higher ab1]1ty students

Simons (1972) compared two 1nstryct1ona] techn1ques which involved

64 students in two experimental 'groups and 65 students as controls. Two
instructional treatments (scripts and tapes) and two units of biology

were utilized. One experimental group was given audio tapes, the other

. written materials for the first unit. In the second unit the instructional
media was switched. Pre- and posttests were given for each unit. Read-
ing ability, stud&nt attitude toward the techn1que used and subJect

- content were studied. The relationship of scholastic ability to achieve-
ment to achievement was also studied. A significant d1fferende favoring .
script 1nstruct1pn was found for achievement in the developmental bio=-
Togy unit. iﬁgn1f1cant difference was found between tape and script
groups for the wunit on genetics. Attitudes toward the treatments 1ffered/
favoring the mu1t1-method approach L

Simons study seems to indicate that not only is achievement ré]ated to ability,
qg’;«nth,hu;her‘ ability students learning more than lower abjlity students, but thizg
use of audio‘techniques may also be subJect matter dependent. This wou]d account
for the different results found with the two different b1o]ogy un1ts and forxthe
differnces in achievement found by Tauber (1971).

Hosley (1974) compared field out-of-door approach and an Audible
Multi-Imagery (AMI) Presentation on concepts of balance of mnature in
environmental education units with 100 fifth grade students Students
v were selected at random:and divided into 4 groups of 25 students”each. -

Group 1 received no instruction. Group 2 received the AMI presentation. ‘- ;
Group 3 went on the field excursions and Group 4 did both. An achieve-
ment test administered after treatments showed that students in the
AMI group scored as high as student participating in thé& field trips. @
- Students_viewing the AMI presentation scored s1gn1f1cant]y higher (p <¥ 05
- than students’ rece1v1ng no instruction. Students receiving both ‘AMI
and~f1e]d excursion “scored the higheét. ,

Aud1o-tape instruction can be as effective as other means of instruction,

may have d1fferent1a] effects by student ab111ty leve] and/or reading level, and

may have d1fferent1al effects due to subJecb matter Its most s1gn1f1cant appealw !

)
- seems to be 1n free1ng the teacher from unnecessary repetition and fac111tating
§ i / - =~ V.
1nd1v1dua]1zed 1nstruct1on 1n wh1ch students can contro] the rate qf presentat1on -~

v

i v,
[

AUDIO-TUTORIAL STUDIES IN SCIENCE EDUCATION L ‘ .

'

~—

3 , ! . , . ‘
The second most érequently used audio media in science classroom appears'to

be audio-tutorial. The recognized ﬁnitiator/of the audio-tutorial method of:

® ' ' .
' . 47"
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instruction is Samual Postlethwait who in 1961 first combined the relatively

inexpensive technology of audio tapes with an individualized, self-paced apbroach
to teaching jntroductory ccllege biology courses (Postlethwait 1963). Since that
time the audio-tutorial method has been adapted to many other subject areas at .

A

the college level where most of the research on its effectiveness has been con-

.ducted and reported. Kahle (1978) summarize%,the research as basically comparing.

two groups,/audio-tutorial and non audio-tutorial. Most studies followed the

-3z

]
pattern already established for assess1ng the effect&v@ness of TV 1nstruct1on

Most suffer from the need for randomization, equ1va1ency of groups, and the appro-

0

. P - . .
priateness of the evaluation instruments.

Novak, Ring, and Tamir (1971) summarized the early research studies on effec-

tiveness of audio-tutorial as, at best, as good as traditional instructicn. They

/

-

also indicated that there were suggestions of differential increases in achieve-

ment in favor of low ability groups. Subsequently, Nordland et. al. (1975) showed

that students below the 40th percent11e on ab1l4ﬂﬂjyeasures ach1eJed h1gher with

A}

audio- tutor1a1 1nstruct1on than they were predicted to achieve.

_ Kahle et.al. 1976} tested the effects of audio-tutorial 1nstruc-
tion on a population of low ab111tZ students over a five year period.

A-T modules with low reading levels, high interest levels, and appro-
priate cultural and ethnic references were developed. Standardized
pre-/posttests.were used to establish equivalency of groups. Records ./
were kept of time spent on task. The A-T module was found to be as
effective as traditional mode of teaching for disadvantaged 1earners.

Self pacing significantly contributed to learner achievement. A-T

was found. to .be more eff1c1ent mode of instruction.

o~
4

A-T Instuction at the Co]]ege-Leve]' ’ /
£3

Fisher (1976). surveyed the existing research on the use of A T in co]]ege.

(

science teaching. -Despite the scarcity of - research 1n-refereed Journals, he
was able to locate a number of apparently.valid studies. He found that; &

A-T college science teachi.ng is nearly® always equal to, and often superior
to lecture methods in content learning. Of 25 comparative studies, 17 '
favored A-T, 7 found no significant difference, and only 1 favored lecture.

/ “- ', oL
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on“outcomes other than factual recall. “One of the primary objectives of most sci-

4. . R

3

Students believe they Tearn more by A-T metﬁods

Student att1tudes toward A-T teaching tend tg be strongly positive. The =~ ..
.aspect of A-T téaching most often cited as being of value to students is -
the autondmy and self-sufficiency in learning made possible.

A-T is economically advantageous. Though initial costs are high it is
paid back in 2-3 years. . : :

The following ten studies are typtcal of the ‘research.on the use of A-T at
the college Tevel. o ~§ ‘

Thorsland (1970) studied.the use of A-T 'in physics. Four-hundred-
twenty students in the-elementary physics course tdok part in the Study. °
‘Half received A-T instruction, half received regular instruction. A-T
groups achieved slightly be]ow the non A-T groups.,, but differences were
not significant. N

Husband (1970) studied an AiT freshman botény\course which had
been operat1ng for 4 years to determine the effect.of grade in an oral
quiz session on student learning. Subjects were divided into thr
groups. Group 1 was given an oral grade by the instructor. Gro p 2 -
no oral grade was given. In both groups 1 and 2 the instuctor selected
-respondents. In group 3 no oral grade was giVen and respopdents volun-
teered. There were no significant differences reported~1n achievement
of the groups.

Arnwine (1970) studied A-T in a general biology course. ®#assette
tapes were substituted for class lecture. Other media supplemented the
tapes. The instructor met with small groups for-two l-hour seSsions
each week. Grades for the 18 participants were s1gn1f1cant1y higher
than predictions based on past c]asses o . v

Quick (1971) investigated the effect1veness of a self-developed
A-T system compared to lecture-laboratory approach in biology. Over

- the.semester five types'of tests were administered. Results showed
“higher achievement on the part of the A-T students.

Hoffman and Druger (1971) compared two different A-T methods, direct,
-in which students passively receive lessons of a descriptive or exposi-
tory nature and an indirect method, in which students use a guided « -
question-answer technique. They found the two strategies equdlly effec-"

- tive for teaching facts, concepts, principles, and equal in retention.
Neither strategy improved critical thinking abilities. Problem solving_
abilities, yowever, were significantly enhanced by the indirect method.

)

Hi11 (1973) found that supp]ement1ng A-T materials in an otherwise
traditional lecture course in chemistry s1gn1f1cant1y enhanced student £
creativity and laboratory skills. v

% 15 /
Both Hoffman and Druger and Hill indicate that A-T may have significant effects

A\
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ence programs today is to develop pch1em solving abilities, critical thinking

and laboratory skills. A-T may be 4 significant contibutor in these areas as

well. .

W ~ . N ' s
Rowsey arid Masen (1975) .anatyzed two methods of instriction in an //7, )
animal B1o]ogy course to determine outcomes in student achievement’ and .

‘ﬂﬂaretent% One groupt(n = 134) received A-T instruction. The other
(n_3#190) received instruction in the coriventional .lecture-laboratory. {
format. Pretest posttest and retention test data were collected ys1ng -
the Achievement in Biology/Test. Results indicated that the group taught _!

\ by the A-T me{hod scored s1gn1f1cant1y higher (p < .01) on both the~ - :
posttest and the retent1on test .given 11 weeks after course instruction.

. Collins (1975) des1gned three A-T units for biology and tested their
effectiveness on 650 students. The A-T method was effective in thdt
70% of the students achieved the stated objectives. \
Fisher et.al. (1976) conducted an evaluation of A-T in a genetics
" course with 623 students. Two control groups and one. experimental group
were used. - The experimental group had significantly.lower scores.en
the pretest and significantly higher scores on the posttest.

Mathis and Shrum_ (1977) examined the relat1onsh1ps of kinetic struc-. .
ture, time spent on A-T, verbal ability, and achievement in an intro-
ductory biology course. ‘Kinetic strycture is a measure of the relative =
sequence of material presented and the relative relatedness of adjacent
thoughts in verbal communication. No relationships were fdund between
time spent on A-T, kinetic structure, -and verbal ability. The authors
concluded that,h1gh kinetic structure communications promote learning
and that achlevement js related to time spent on A-T.

_ These %en studies'fhough:mcstly not- included in Fisher's survey nevertheless /
support his basic cdnc]Usions.. Most studies show,no'significant differenced in

achievement using A-T. Few show A-T to be inferior to lecture-laboratory approaches’

at the college ‘level.

A-T Instruction at the E1ementary and Secondary Level '
Co]]ege stud1es of the effectxveness of A-T 1nstvgct1on are done'more often

and w1th 1arger samp]e s1zes than studxes at other levels. Co]]eges provide

\.-\‘ é’f

1arge classes especially at the 1ntroductory course Tevel where most A-T 1nstruc-

tion xs»used. In add1t10n, access to students” by researchers is not nearly as

difficult at the co]1ege level as at the e]ementary or secondary school level.

l:’-n

Thus the 1arge quant1tv of research at the co11ege ]evel One can assume, however, -
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,from the~samplé tested that such stddﬁes dea] with higher ability students. Other

research already cited shows clearly that there are d1fferent1a1 effects by ab1]-

ity 1eve1 Though these college stud1és may give some 1nd1cat1ons of the useful-

ness of A-T 1nstruct1onqifgx39er ]eve1s, they may not be applicable to middle
school.” The following six stud1es refer specifically-to ]ower school levels.

Nussbaum (1971) tested A-T 1nstruct1on with second grade students.
The experimant was conducted with a sample of two groups of 26 students‘—‘"
each. One group received A-T instruction followed by an interview test.
The other group was interviewed without any fgymal instruction. In the -
analysis of the interviews five different not\idns of an earth concept
were identified. The notions appeared in similar-frequencies in both
groups. - .
It would appear on the surface of Nassbaum's study that the A-T method was
ineffective, however, it must be noted that there was apparently no time given
to prepare students or acqua%nt them-with the use of A-T instruction. This nEy
contr1bute mere to 1ts apparent ineffectiveness that the content of theklessons

Netburn (1972) studied fourth grade students presenting 5e1ected
science activities. The control group was the teacher usxng conventional
. instructional methods. The experimental group received"A~T instruction.
The A-T approach was as effective as the teacher instruction 1n ach1eve-
ment of students.

Morrell et.al. (1972) conducted. two studies using two different’
.feedback techniques with 53 self-paced\fourth graders and 85 group-
.paced fifth graders. A four track tape recorder with programmed units
was used. Each teacher had both coritrol ,and experimenta] students to
. reduce effect-of teacher variable. Results were measured by overt
respond1ng in maltiple clioice format as well as weekly tests, criteridn
. posttests, and anxiety and defensiveness scales. Results 1nd1cated -

. that’taped aydio programmed instruction 1s equally as effective as teacher
Linstruction. . .

Nordland et.al. (1974) investigated- the effectivehess of A-T in
.ligh school biqlogy. Students were randomly assigned to one of- two-

. groups... The egper1menta1 group (n = 59) received A-T instruction. The
control group (n = 59) wWas .instructed in a group -oriented classroom

. situation. Four units of biology were covered in the three week experi-
ment. Results showed that of biology were covered in the three week-:
exper1ment. Results showed that A-T students”’scored s1gn1f1cant1y
h1gher in the. post achievement test {p < 05)

_ Hauser (1975) sought to determine whether any cogn1t1ve sty1e ele-
'ments are related to A-T or print self-instructional packaged teaching
" strategies. Nipety-six- hlgh schoql b1o]og% students were assigned to
either of the two groups. Results showed hat the qualitative visual

\ . -
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element éomposed the un1que cognitive style of high achievers of A-T
instructional®stat gy. Students who derived least cognitive knowledge
od preferred maximum meaning from reading or math
symbo]s

The cognitive preference testing is new to science education and is still.

an heated controversy as to what is really being tested. However, Hauser's study -

. LAY ) .. .
does ;uggest that differences ihijearn1ng style and/or rate result in differential
[

effects of the. audio media.
N

Finally, Tamir and Amir have reported on the effectiveness of A-T in Israe]

“Tamir and Amir (1975) tested the A-T method of science instruction
with 598 students; 473 experimental the rest controls. The population -
consisted of first and second graders. Experimental students recedved
their science instruction via A-T, the control with their regular té&acher.
After one: year of instruction the A-T group demonstrated significantly

- higher gains in science.

(SUMMARY o . -
?his‘chapter has reviewed the reeearth literature on audjo media, specift:
cally radio, audio tape, and audio-tutorial as they apply to science education.
Theggh raaio is. not much uéed in science instruction at the intermediate or nid- -
‘dle schoo] 1eve1 w1tt1ch and Schuller (1979), Barnard (1956), Uslan (1974)~and
Miies (1940) have shown that radio can be an effective means of science instruc-

F

t1on Most studies shoWw rad1o to be as effectlve as other means of 1nstruct1on

Ut111zat1on could be’1mproved for-commercially broadcast programs if advance an-
notated ahhouncements-were made such, as those prepared fbr,the Nova TV programs. *
Audio tapes are'the mogt.wtdely used of the aydio media in science c]asées.
They are Effective for beth gnformation dissemination and skill development tn,
c]ud1ng laboratory. sk1]]s (Gore and Rayner 1972; Wittich and Schuller 1979) In
terms of ach1evement 1n science audio tapes are somet1mes more effect1ve than other
methods of instructions(Presnell 1911; Atkinson 1972) but most frequently are
,'shoyn to be as effective, that;ﬁs, no significant differences (Hoffman 1969;

- ~— '
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Holliday 12]0; Holliday 1971§iLuttre11 1971). Other studies (Presmell 1971;
Atkinson 1§722 Simons 1972; Kro]]‘1274) indicate- that audio tapes have differen-
. - &

tial effects on students with low ability students gaining more from audio tapes

that they can control. Compressed speech studies (Sarenpa 1971 R1ppey 1975

‘Perrin 1976) show that students can 1earn more eff1c1ent1y using compressed N

speech that 11sten1ng speeds ¢af be increased as much as 50% without loss,of/ '
cohprehens1on (Wittich and Schu]]er 1979), and that such speech compressors re

effective if students control the speed (Rippey 1975).

]

Audio- tutor1a] methods have been used. extens1ve1y at the collede level espe-
cially w1th ]arge introductory classes w1th)]esser use in elementary and econdary
schools. F1sher (1976) has best summarized the results_of research on A-T instruc-
tion'at the college 1eve1 A-T 1nstruct1on is nearly always equal to or better
then lecture laboratory instruction. Students believe they learn more~from A-T
instruection. Student att1tudes towardrA-T instruction tend to be strongij;posi-
tive, and that A-T instruction is cost effdctive with a paybacﬁ time of 2 to 3
years. These conclustions\are supported by Thorsland (1970), husband (1970), -
Arnwine (1970), Quick (1971), Hoffman and Druger (1971), Rowsey and Mason (1975),
and Fisher et.al. (1976).

The effectiveness of A-T ihstructjon in'e]emeﬁ%éry and secondary'schoo]s is
less Clear due to fewer ¢learly valid studies having been done and reported.
However, the f1nd1ngs of effectiveness of A-T for college level science courses e
seem to be supported by Nussbaum (1971), Netburn (1971), Morre]] et.al. (1974), - 8
Nordland et.al. (1974), and Tamir and Amir (1975).

CONCLUSION

Audio 1nstruct1on including radio,’ aud1oj%ape and aud1o tutorial instruction

though not shown to be more effe§t1ve than other instructional strateg1es has

i

nevertheless been shown to be consistently as effective as other strategies for

v
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e;testing student achievement. Though itfapp ars that as with other media of
instruction the h1gher ability students 1earn more that 1ower~ab111ty students,
audio is particularly effective with low ability or Tow reading level students
especially when they .can control the p]ayBack and speed of the recordings. No
stud1¥s were found whijch 1nvest1gated%§he effects of audio on attitudes toward
science, however, severa] studies hate shown that students of various age levels

show favorable §t11tudes toward audio instruction. @ifis '
With the evidence that audio instruction is as effective as other strategies
se]ect1on of aud1o as a means of 1nstruct1on shou]d then be based on other crit-

eria. Among these are 1ts ability to address individugl needs in that students

In

can have access to the audio media when they need ahd as often as they need.
addition, teacher time is freed avoiding needlessﬁiepetition and enabling the

teacher to better address other student needs.

e
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EDUCATIONAL COMMUNICATIONS .AND TECHNOLOGY,AS APPLIED TO .
SCIENCE EDUCATION IN INTERMEDIATE/MIDDLE SCHOOL -

PROGRAMMED LEARNING

INTRODUCTION - ,
N |
Thig chapter will review the more recent research on programmed learning. .

Programmed ]ea?ningjinc]udes_programmed texts, teaching machines, 1Earniﬁé‘1abora-
,toriesg;gudio-thtorial, cgmputer programs, computer man;ged instruction (CMI),
computer assisted instruction (CAI), simulation.and games, and dial access ;ystems. .
Significant ampunts of research have been condu%ﬁed in this a}ea during the last
fifty years particularly wifh emerging educational concern$ for individualized
instruction. The foltowing overview of research in this area will be diviqea into

e . . . e re e . b .
four broad sections), audio-tutorial, individualized instruction, programmed

“instruction, and computer assisted instruction.

~

3

AUDIO-TUTORIAL INSTRUCTION ] . ‘ T

Audio-tutorial instruction has been adeduatelqueviewéd in the priijous chapter

on aﬂdio research, however, a brief summary of the research findings isiwarranted

‘here, Aydio<Tutorial instruétion had its origins with S. N. Postlethwait who in

eI

‘ . . 4
1961 first combined agdio tapes and individua]iggdtinstruction to develop a self- .

paced approach to teaching introduatory college biology courses (Postlethwait 1963).

Since that time the audio-tutoria{\ﬁé¢h08”has been adapted-and tested in many othey,

settings including élemenfarx anid* secondary schools (Kahle 1978):

'
!

Results of numerous research studies seem to indicate that audipetdtoria]
instruépion is nearly always equal to or better than ]ecture/]aborétory‘?ﬁstructidn

and that student attitudes toward audio-tutorial instruction tend to be positive

(Fisher{1976; Kah]e;§@780. The effectiveness of audio-tutorial instruction in

elementary and secondary schodls is less c{ear, however, the findings seem to
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%
support the findings for effectiveness of audio-tutorial instruction at the

college level for science instruction.

INDIVIDUALIZED INSTRUCITON - :

Educators haye}advocated individualized instruction in the classroom for
a number of years, but have done ]ittie’to implement it in practice. Most
efforts have concentrated on hav1ng students work at their own pace and giVing
additionat attentior to students who seem to need it (Wittich and Schuller 19]9)
Instruction may be classified as indiVidualized if experiences are specifically
deSigned for each 1nd1v1duai student taking into accopnt background, knowledge,
egpenaence, abilaty level, interests, etc. There have been several attempts at
individualizing instruction which have tried to allow for individua] needs of
students Jgn the instructional design. In a review ofesuch studies Ramsey'and Howe
(1969) conclude that individualized instruction is a viable a]ternative to class-
instruction. Even very young children can work aLone on preplanned experiences
dsing-quite sophisticated .aids with minimal teacher help. However, they go on to

'soggest that each ¢hild should have the opportunity to develop science concepts

and skills in; both individual and group sityations..~The outcome of one kind of
iﬁstruction will complement rather than. parallel the other.'

Royce and Shank (1975) reViewed 21 research articles comparing individualized
methods with traditioqal group-paced instruction between 1967 and 1974. . They.’

ﬁ?ound that student achievement of cognitive objectives-were equal in either setting.

N

Simi]ariy, there were no significant differences in critical thinking ability or in

. 3
inquiry skills. There werq 7 however, some indication of differences in achievement

fmeasuring understanding of science with two reportéﬁ?hoW1ng significant gainSbe

o\

"j‘the individualized classes. Saqme studies reported student feelings of isolation and

&
boredom while one study conc]uded that students in 1ndiv1dualized c]asses missed

""l

an impgrtants part’of their education, that is, social contact with peers.

/




The' fo110w1ng selected studies on the effect1veness of individualized sc1ence

instruction are typical of those found/1n the Titerature.

Baum (1965) tested the feasibility of 1nd1v1dua11zed instruction in science
for fifth graders. He devised a series of pretests of skills and knowledge so
that student deficiencies could be identified. Each student was then assigned
. a kit specifically designed to help him acquire tre skill identified as
deficient. The method was found suitable, Evaluation was carried out, by
observing students'’ react1ons to instruction.

{

0'Toole. (1968) compared an individualized method with a teacher centered’
approach in teaching science to fifth graders. He found no significant )
differences in achievement, problem solving ability, or science interest. The
teacher centered approach stressing problem solving was more effective in ‘
developing the ability to 1dent1fy valid conclusions. The individualized
approach-was more effective in deve]op1ng the ability to recognize hypotheses
and problems. j /

It seems 1ikely that grayp methods of instruction.will develop some outcomes
more effectively than individualized metheds, while other outcomes will develop
movre effgctive]y in an individualized situation. This supports the findings of

~
>

~ Ramsey and Howe (1969).

Heffernan (1973) compared the effects of two methods of science instruction,
individualized and traditional. E1ghth grade students (104) were randomly
assigned into groups using the Solomon Four, Group Design. 26 were assigned
pre--and posttests from the experimental group, 26 received posttest only.

26 control group students were assigned pre- and posttests, while 26 received
posttests only. Instruments indluced TOUS Form W Scale T, TOUS Form W Scale 2,
TOUS Form W Scale 3,~Form Ym of the Watson Glaser Cr1t1ca] Thinking Appraisal,
dnd the Science Att1tude Survey. A1l 104 students were taught- by. the same
teacher. Results showed no significant differences in mean scores of experi-
mental and contiol groups on TOUS Scales 1, 2, or 3. There were no significant
differences in mean scores on the Watson G]@ser Critical Th1nk1ng Appraisal q/%
the Student Attitude Survey. i

The Heffernan study indicated evidence of teacher “1eak". .That is, the teacher
may have increased group activitiy in the individualized classes due to its apparent
success in the traditional classroom.

Reed- (1974) examined student achievemeht, attitude toward science and
self concept of ninth grade physical science students in-an individualized
science program and in a tradtional science class. The sample was 150 experi-
mental students enrolled in an individualized class and, 150 ninth grade students
in a traditional class. A posttest only control group design was used7
Instruments included the Stanford Achievement Test - Science, Remmer?s Attitude
Toward Any School ‘Subject Scale, and the Piers-Harris Children's Self Concept .
Scale. Conclusions were 1) phys1ca1 sciencelstudents in the individualized classes
"’y showed no. significant difference ‘in ach1e¥6ment from students.in brad1t1ona1 .
st classes, 2) there were no s1gn1f1cant differences in .attitude toward science

v . +
. .
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3)- there were no significant differences in self concepts of students.

Ramsay (1975) sought to determine "if there is a relationship between -
the number 6f ISIS minicourses completed which contain the same cumulative
objectives and achievement gain on a posttest and/or reading comprehens1on.
Four high schools part1c1pated in the study with 396 students in 22 Classes
taught by eight science teachers. There was a relationship between a student's
achievement on pre- and posttests measuring ong cumulative objective and the
number of m1n1course completed. There was no re]at1onsn1p between a *
student s achievement on pre- and posttests measur1ng four cdumulative objectives.
and the number of minicourses comp]etéd A student's reading level does not
determine -achievement of the ISIS minitourse cumulative objectives.

RamSay's study seems to indicate that repetition in individualized instruction
should be used with caution. It a’..prs that once learned rgéztgt1on does not
.lead to significant achievement ga1ns and thus may be a waste i&stuant time and &

effect1me1y inefficient. One may conclude then that such’ materials must not only”

-

be carefully crafted, but must also be carefu]]y sequenced w1th proper options

available once skills or concepts are atta1n;% i / ,
" Sheehan and Hambleton (1977) compared four instructional strategies

along with several student variables including student anxiety levels.

285 stidents in ninth grade science were randomly assigned to four treatment

giroups; 1) teacher directed treatment - teacher lecture, 2) media treatment -

studehts work?d alone or in pairs on worksheets used in conjunction with

one video and’seven audio tapes, 3) reading treatment - students read handout

materials and worked &lene, " 4? programmed instruction - students worked alone

on one set of five- booklets of 185 frames of programmed material. Twelve tests

were adm1n1stered 1nc1ud1ng a Modu]e Achievement test ~immediately after the o

tgst period and again one month™later and an anxiety scale. Though, most

results were unclear teacher directed treatment tended to.be superior in

student achievement gains, The performance of students in programmed instruction -

treatment is markedly affected by their anxiety scores. Lgss_anxious students -

store'much higher on the acheivement test than do highly anx16us students.

e -

Ag§1n it seems that individualized instruction is not appropr1ate for all

students., Such factors as anxiety of -students may wel] afféct their gbj1ity to

gain significantly J:%ng this Yearning approach, . T '
.From'the studies’on'inditiQUalizedrjgstructiqh it seems that student achietement
using this methdd may be gqua] to that of other instructional strategies.: Further
1ndivi@0alizeg'instructioﬁ is equaliy effective in producing gains ?n critical thiqking
skills and in developiag inquiry skills. It alsb seems "clear that individualized

instruction should not be the excbusivg mode of instruction, but is most effective .
. , ( ¥
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when: used in combination‘with other instruéfional strategies. If trully individualized
instructionris,fo take place care musE also be taken to match appropriate strategies
to’indiviqyaljneeds. Such factors as anxiety levels and ab%]ity 1gvels may indied
affegf.pér%orﬁaﬂce more than the‘instruétiénal étrqtegy used. |
PROGRAMMéD INSTR&CTION R . - A

_The role .of programmed instruction in schools has had considerable attention ,

f
i

" from researchers particularly since such programs encourage individual student work,

- P

'. and free the teacher from direct instruction to perform other tasks. Rarisey. and,

Howej(1969)l§onc1uded from their review'of programmed science instruction that

s elémenfary‘stuaents can learn from programmed instruction. Learning outcomes are

“further enhanced when programmed instruction is integrated.with laboratory experjencks.

Programmed’ Instruction vs Traditional Instruction

The following studies compared the effectiveness of programmed,and tradttonal

. P *
instruction. :

Nasca (1964) conducted an evaluation ¢f three methods of presenting science
laboratory materials. . Five experiments with eighth grade students were con-
ducted to evaluate temporal-relationships between the methods and the effective- _
ness of .the mgthods. Measures of ability to solve work and energy problems
were obtained from subjects who observed, read, or received on]yfprogrammed
instruction with laboratory experience. All methods produced significant - .
gains. Multigroup comparisons by analysis of covariance showed that effect-
iveness of ﬁrocedures used was highly dependent upon the testing instruments

. used. No significant difference among the methods was observed.-

McKee (1966) investigated whether a combination of conventional ‘and
programmed instruction was more effective than conventional instruction alore
in teaching ninth grade physical science. Three treatment groups were 1)_
conventiional instruction, 2) programmed instruction used to initiate in-
struction and 3) prgprammed materials used to review assignments. The R
criterion referenced test administered as both a pre- and posttest was divided
intd two parts, recall and‘application. Twenty three. intact classes (547
students) ‘were randomly assigned to the treatment groups. Results showed no
significant difference between the three adjusted gain scores of the treatment
growps. There .was no significant. difference between the gain. scores of the
five teacher groups. Fuqther, students tended to become tired of the programmed

. materials toward the end of the unit, however, the majority felt that th?-,
programmed materials had helped them and they expressedda desird to. use them

agaiy- . % .
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Carnes, Bledsoe, and.Vandeventer (1967) compared the effectiveness of a -
nonprogrammed, prob]em solving method of teaching seventh grade science and
that of a programmed problem solvihg approach through selected, open-ended
laboratory experiences. In the experimental sections (n = 106) .teachers were

° instructed not.to use any materials other than the programmed 1aboratory
materials., The control groups ( n =-15). received instructidn in the same
content as the experimental group, but with no programmed materials. .A .
criterion referenced testwas administered as a pre- and posttest along with '
the Kuder ‘General Interest Surveyi Results showed 1) students achieved
~s1gn1f1cant]y higher factual science knowlédge from honprogrammed materials,
2) students acnieved significantly higher conceptual science subject matter
from ﬁonprOgrammed instruction and 3)* there Jwas no significant difference
. inLthange in 1nterest in science using either approach. .

. Eshleman (1967) measured the effectiveness of programmed 1nstruct1on

in comparison with conventional methods in teaching factual information in
eighth grade science. Twelwe classes of over 300 students were divided into
1) six experimental classes which studied a two -week unit on the s%}erT\\
system using a commercially produced programmed text and 2) six coritro
classes which studied the same subject matter by conventional weané. Later

- in the school year the groups were reversed for a two yeek unit on. cells.
Results showed 1) both methods produced significant gains in factual knowledge
both immediately and after a six week period, 2) the conventional group

_ scored significantly higher than the programmed instruction group on both

_ immediate testing .and on retention testing, 3). there were no significant -
differences between above average ability subgroups for both immediate and
retention tests, 4) there were no significant d1fferences between below
average ability groups for, retention tests.

Both these stud1es-1nd1cate superior achievement for students in convent1ona1

-
-

classrooms. S/th studies appear well designed and include reasonable controls for

P

1nterven1ng variables. However, other studies do not show cons1stent resuits.

«

Darnowski (1968) compared learning and retention of principles of. nuc]ear
chemistry in.4 high school chemistry course usin three: forms of programmed
materials and -the copventiopal- 1ecture/demonstra%non method. Students who.
participated in the study were assigned to 4 groups each with 26 students. .

Three experimental groups were identified 1) 1inear short step 2) linear 1ong
step and 3) branched programmed instruction. The long.step form deleted re-
-petitious practice and review frames while the branced form allowed students .
Who correctly answered the key test items to skip over the repetitioust frames. _ -
During the study, experimental programs were adm1n1s$ered by the regular teacher.
Results indicated that 1) all groups learned a significant: amount, 2) the-
programmed *groups as a whole gained sigmificantly more than the convent1onaT %
group, 3) the control group had a sxgn1f1cant]y greater retentiaon of facts and
.principles after a two month period, afd 4) the branched group learned signi-
f1cant1y more than the contro] group. ‘ e :

. Darnowsk1 s study raises questions about the”appropriate use of programmed'
ihstruction Perhaps used 1n se]ected ways it can produce s1gn1f1cant1y greater. -

o

effects. Further, it may be more appropriate at higher grade 1evels where students

are more mature'and more respons1h1e for their Tearn1ng and behay1or. It can-also
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) “be assumed that Darnowski dea]t with above average sttidents sincé only such students

o -~

» tend to take- h1gh schoo] chemistry. * ' L ' |
~ Mor1ber (1969) tested the effeet1veness~of a three week programmed unit -
¥n ;éom1c theory and chemical bond1ng against the tonventional 1ecture/demon- ’
strglion method in a physical science course for nonscience college majors.
The programmed unit was administered to 120 students. Angther 120 students
served as controls receiving Yegular lectures. Results indicated that the
programmed upit produced s1gn1f1cant1y greater gains in knowledge as reasurea

by criterion referenced tests. : )

~ .

N, Str1ck1and (1972) compared the achievement of junior college biology
~ ¢ students taught by programmed vs lecture methods. The exper1men§a1 group
‘ _ used programmed materials while the control group used the regulafr text.
‘Pre-~ and posttests were administered. Results showed that students using
. N ‘the -programmed materials improved significantly more on the achievement
: ‘test than did the contr01 group. Neither method seemed to affect critical
—thank1ng sk11ls or-to affect mot1vat1on. ‘ -
\ \ F]owers (1977) 1nvest1gated the comparative effect1veness of programmed
' - instruction‘with teacher.centered instruction. 175 eighth grade students
) were involved in the semester study. Both programmed and conventionally
~ ~ instructed students increased skills in comprehendjng weather and climate.
There was no stgnificant difference between the treatment groups in achievement.
.Flowers suggested that optimum learning would result from a comb1nat1on of :
_approaches. - .

~

- From these studies it appears that fox intermediate or middle school students
’ AN \ . ' .

pﬁggrammed instruction is just as effective as conventional instruction in sciencd. y
At the h1gh school or co11ege 1eve1 programmed instruction may in .act be more gﬁ;
t

effect1xe than convent1ona1 1ecture approaches. It is also clear that a comb1na

v .8
of- 1nstruct1ona1 strategles is most effect1ve in increasing student cognitive gains.
) il -

Attitudinal Studies Using Programmed Instruct1on o .

A

Severalresearchers have investigated the efct of programmed sinstruction in
. . % [ I}
science on _attitudes of students. A few of the these are rev1ewed 1n\th1s ‘section.

Tay]or (1965) took 89 fourth grade students who, used* programmed mater1als -
for 4 months and 16 fourth grade teachers. Ana]ys1s of the relationship of
+ selected teacher personality characteristics toward programmed instruction
) was conducted. "Teacher att1tudes toward programmed .instruction were corre]ated
with with student attitudes. Teacher attf%wdes did not correspond to varied .
student attitudes. 'Teachers accounted for 18% of the variance in predicted .
student achievement wnile student persona11ty accounted for 46% of the pred1cted

" student achievement. n»

) Frey (1967) studied 74 eﬁghth graders enrolled -in &-general science class
" to determine’ attitude cMnges related tg instructional methods. Student$ were
divided into four ciasses all taught by the same.teacher. The methods,of
. utilizing programmed materials were varied by two dimensions 1) in or out of
Qo class use and 2) teacher or student regulated scheduling of rate of progress
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through the materials. Findings revealed that the total group droppea in its
attitude _toward programmed \nstruCtion during the second semester and that
this drop was. statisticaliy.significant. There_was also a marked decline in
achievement. It was concluded that 1) the continued intensive use of programmed
instruction over an extended perjod of time without relief through other

" modes of instruction s not recommended and 2} the problem of motivation for
ciassroom learning is perhaps the most persistent ot formai education and that
programmed instruction does not appear to address this problem. . .

t »
1

Attitudes, toward programmea instruction vary with students being more favorably
A - \' - N \.

dispased to-it than teachers. Students soon become bored with .programmed ?nstruccion

and. seek relief througH other meanéiof learning. These studies support those reviewed

earlier in this‘chapter favoring a compination of_instrucfional strategies for

. optimum learning and motivation. b s , .

Effect of Inﬁe%vening Variables on Effectiveness of Programmed Instruction

Y

As with any instructional strategy intervening variéb]e§ have differential

effects on outcomes. A significant number of studies have investigated student,

t

teacher, and school factors which may affect the impact of programméd instructtion.

Taylor (1960) investigated the effect of pupii behavior and characteristics
and teacher attitudes on achievement when programmea science materials are used -
at the fourth grade level. Teacher attitudes, combinations of student and
teacher attitudes, student intelligence, interest, and initial knowledge of
science, along with other selected personality and performance factors all
contribute significantly to student final achievement. The study indicates
that any given set of programmed science materials cannot meet the needs of
all students at any given grade level. - A

Blank (1963) investigated developing inquiry sKilis through programmed

instruction. Thei programs trairied students to ask questions abbut the reiative
dimensions of problems before attempting te solve them. He found that '
students given inquiry training asked significantly more questions on ora¥

.and written criterion tests than did students in control grpups. This im-
provement in inquiry skills was not at ‘the expense. of other achievement criteria.

Dutton {1963) investigateg student achievement using programmed materials’
on heat, light, and sound with fourtn graders.  He found that.students did
proceed at different rates and that they could perform simple science experi-
ments with 1ittie teacher supervision. Pupils usjng programmed materials *
_..learned concepts more efficiently than sfudent; taught by conventiohal methods.
iy . . :" 5 . .
Fleming (1963) conducted a comparative experiment Detween conventional
and programmed- use of educational f11m with*seventh grade sciénce students. .
Approximately 400 students from 5 school’s were involved Jin the éxperiment. A
posttest and retention testiwere used to measure ashievement. Findings in-
dicatéd that programmed suse of film resulted in significantiy greater
achievement and retention tnan just showing the film and that programmed
instruction was an effective way of increasing attention: .. v ~

*
-
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Crabtree (1967) studied the relationship between score, IQ, and reading
level of fourth grade students by structuring programmed science materials
in different ways. Linear programs seemed preferabie to brancned versions
since the same amount of material was learned in iess time. Other findings
were of the no significant difference type. A
Note that Crabtree's results are at odds with those of Darnowski (1968) who

[N

found "that branched versions were significantly more effective in effecting achieve-
- ment gains in chemistry than other structures. This may be due. to differences in
age or even ability levels ratner than actuai effects of differences in structure.

Filep (1969) conducted three experiments on the use of programmed learning
to teacnh general science to eighth grade students. Three visuai stimuius modes
and three audio stimulus modes were used with either linear or branching programs.’
Subject content was nonconcrete, concrete, or action process. Learner character-
istics treated as independent variabies were IQ, sex, achievement, ethnic
background, parent's occupation, and apptitude. Automated.teaching devices
were used which incorporated both filmstrips and slides. Data collected on
amount Tearned were anaiyzed. IQ score was found to be the best predictor
of achievement. Ethnic backgroynd accounted for oniy a small portion of the
total variance. A positive correlation was found between achievement and

.'parent's occupation. No sex differences were found. Disadvantaged children
Tearned best with the branching, nonverbal, sound treatments.

Not only has Filep identified significant intervening variables partiéularly
1Q and pareht occupation, but he nas also shown that <treatment effects are different i

for different students.. Such findings certainly compbunds tne probiem of ﬁreparing

!

programmed-instructionai materials. It indicates ;Hat only a highly skidiled teacher

who has intimate knowledge of each student can successfuily prepare the right

’
~-

combination of instructional materials for optimum learning.
. Awkerman (1969) compared an auto-instructionai program on the process of
" measurement in which the control group of 158 fourth and sixth grade students
o . worked alone with an experimental group in which fourth grade students {163) were®
" randomly paired with sixth grade students. High, medium, ‘and Tow reading levels
were ranked. The paired students were asked to discuss and assist each other
with frames answered “incorrectly. Results showed-no significant difference
in treatment on the achievement or. self concept measures. The experimental group )
required a significantly longer completion time. ° _
. C . L ‘ y
0'Reilly (1969) investigated anxiety, creativity, and intelligence factors
in rélationship to programmed instruction. He chose 80 boys and 85 girls in
nine sixtn grade classes. An additional 40 boys and 37 girls in four sixth
grade ¢lasses served as controls. The program suggested that.verbal IQ and
pretest would have little or no.relationship to achievement when the programmed .
“materials were used with appropriate selected .learners.: Subjects received 10
Tessons using a linearly constructed response program. The,#bsu1ts showed that
none of the creativity variables or the interactions contributed significantly
to achievement. ° . , N .
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Marshall (1970) tested the effectiveness of a programmed text used in
conjunction with regular classroom instruction in four tenth grade biology
classes. Students were of three different ab111ty levels. Each group was
divided into two groups 1) experimental group using the programmed text.to
review class instruction, and 2) control group given conventional assignments.

> Significant differences were found among stugents of different ability Jevels.

: High achievers (IQ) were the highest performers. Low achievers performea at
iower levels and made smaller ga1ns Control and experimental groups showed
no significant aifferences in gain scores, midterm examinations, or final
examinations. No significant difrerences were found on the bas1s of six week
grades. Exper1menta1 students did, however, complete a significantly highker
percentage of assignments. Suudents using the programmed materials 1nd1cated
that they liked them. .

.Marshail's study sheds some doubt on the effectiveness of combinations of
=~  programmed materials with oﬁher modes of instructionf‘ His 'study is limited in
scope and in the darticu]ar‘way in which the materials were used. As noted earlier
“others havd {ndicated‘that combinations of instructiongl techdiques lead to

better student performance.

Fryar (1971) defined underachievers as students with IQ scores of 90 or

above whose performance on standardized achievement tests had been at least

a full year below grade level. 236 studerts were randomly assigned to an

experimental or control class in four~ junior high schools. :Programmed materials
v were used:-4®- tne experimental group. For two of the four units studied
gain scores were significantly higher in the experimental group. Findings
,suggest tnat underachievers interacting with programmed materials exhibit
greater athieveggnp gains than‘by using conventional materiais.

Several studies have researched the efrects of,pacing of brogrammed\materia1s

4

on achievement: The foliowing are examples.

Kress and Gropper (1964) presented programmed lessons in science over
television to eighth grade students. Twelve separate versions were compared
1nc1ud1ng three versions differing in prompting strength and with each of these
versions presenged at four different tempos. Comparisons were made ‘\among
treatments, ReSults provide tentative support for invoelving multiple program
sources to accomodate individual differences during fixed pace instruction.
Added prompting technique reduced error rates but led to lower achievement.
“In order to learn effectively,.slow learners require slow, fixed pace.. The

“ ‘imposition of the same pace on fast workers results in a drop in effect1veness
as well as learning efficiency. Findings suggest that tne need for at least
two program.sources delivered at different rates is desireable.

Kress and Gropper further report (1964) that the pace at which.a student

y

' WOorks on a progriam can be nonadaptive whether it is se¥f paced or external1y paced.

It can be too fast td be compat1b1e with high achievement or 1t can be too siow ¢

A )

. * to be COmpat1ble with learning eff1c1ency. Individualization of instruction can .
\ , . S .

\

o " be best attained by a pacing strategy that can maximize iearning effectiveness and
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and efficiency. . p—
Programmed instruction, then, is generaliy equaily effective as conventional
instruction but should be used with caution. Overuse may rgéuit in lack of
R :
interest, motivation, boredom, and lowering of achievement. Several variables have
Been found to have effects on achfevement using programmec materials. These
ineﬂude different learning rétes, differences in ability levels, parent's occupafion,

and pacing. Programmed instruction aéparent]y can also be used to &eye]op inquiry

skills and can be an effective way of increasing attention ‘to tasks in class.

[N

Cﬁﬁg;;Ek ASSIéTED INSTRUCTION \
Wittich and §chulfér'(]979) identify foJr legitimate instructional u;es for
computers, drill and practice, tutorial uses, simulations and games, and informa-
tion hapd]ing aids. Feldhusen (1969) notes that there are some th{ngs which CAI
is'able to do be?ter than other media: 1) secure, store and EroceSSninformationu
about a student's performance prior to and/or during instruction, 2) store large
amounts of information and make them avai]ab]e‘more'rapidly than other media, 3)
provide programmed control over bther meqia, 4) provide a convenient wa& of

designing and developing a course of instruction, and 5) provide a dynamic inter-

. action betweén student and program. \

Zinn (1979) has attempted to summarize the research on computers in science |

education but points out that virtually all of these use a techno]p@y or approach .
. ; ) _ .
which is now obsolete. In previsus studies computer time has been valued more

‘highly than student time but with the ?dvance of handheld calculators ‘and micro

proceséo}s this is no longer the cé§e. Zinn identifies six:roles for the cémputer

in sciencé education; delivery system, as§e§sment tool, manageﬁent aid, deve]oP%ent . X

system, study ai&,‘hnd research tool. | |
Keeping in mind that the technology used ip research on'the use of computer§

in instruction is now obsolete, the fo]]owing-jﬁvestigations indicafe the géne;al

findings of such studies and the basis from whﬁkh new styqies will -begin.
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. Dasenbrock (1970) investigated the va]idi§§ of the use of CAI as a tdgl
' in formative curriculum evaluation. A comparison of.student performance using .
the ISCS.program in CAI and nonCAI”cTasses was made.. The CAI student sample
. consisted of 20 students. The nonCAI sample of 40 students were selected so

as to match the experimental, group by ability levels. The California Test of
Mental Maturity, Metropolitan Achievement Test-Reading, and the Lincoln-Oseretsky
Test of Motor Proficiency were given. Results indicate that CAI and nonCAI
student performance was similar. T

Arsenty and Kieffer (1971) reported on a study of the teaching effective-
ness of CAI using the PLATO system in first level. biology courses at the
b University of I1linois. At the conclusion of the study data indicated that
PLATO ‘had the potential_to become an effective adjunct by 1) increasing
student comprehension of lesson material, 2) actively engaging students in
learning processes, 3) significantly reducing the amount of time spent on
lessons, and 4) contributing to higner ekaminatipn scores.

" Summerlin (1973) examined the degree of retention of materials presented
in chemistry after a sixty day. period bbtween those students receiving their
instruction via CAI and those receiving instruction in the same topics u§ing
more traditional methods of instruction. A total of 110 high school students
were randomly selected to participate in the study. 53 were assigned to the
experimental CAI group, 52 were assigned to the control group. The experi-
mental group receiveéd tutorial type CAI and the control group received
.lecture/demonstration. Posttests and.retention tests showed that learning
and retention were higher in the control group, however, the CAI produced
faster learning, more student interest in and better attitudes toward science.

Though studies similar to these seem'to indicate no or little difference
in 1e¥rning outcomes there may, in fact, be effects related to efficiehcy,‘at%itudes

and interest. : .
Lasater {(1971) evaluated a CAI program involving appl¥cations of chemical
principles. The development utilized a systems approach and included
4 specification of the terminal behaviof and of entering skills, a description
of intermediate objectives and theiwarrangepent into a learning heirarchy,
\ and the development of an,instructional sequéence. It was concluded that the
program performed satisfactorily with respect to increased student ability
to demonstrate the desired terminal behaviors and with respect to individualized
instruction. The post program achievement of the terminal behavior seemed to
be inversely proportional.to program path length.

Al
4

‘Gardner (1971) conducted a study to determine the relationship between
psychological readiness and achievement on a CAI program for science teacher
y education. The teaching skill selected was the identification and use of
behavioral objectives. The range\for teaching experience was, from 0 to 36 .
year§. The 'subjects participated in a CAI science program. Results indicated
that students were gerierally successful in learning the identification and use
of objectives taught by CAI. . / T

: Thomson (1971) explored the use of computer simulated experiments as a tool
- to diagnose elements of propositional thinking in cognitive functioning in
| “intermediate schooi agé students. The study was buiit upon the following:
1) the cognitive role is an imporeant function of the school, Z) the intermediate
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‘- " . schooi student?science experience is largely propositional-thinking, 3)

cognitive functioning proceeds toward formal operations, ‘experiments
using scientific methodology requires elements of propositional tninking,
5) there is a need to diagnose. stages of cognitive development and 6)
the capabilities of the computer and computer simulated experiments for

propositional diagnostic purposes is realistic.

Similarly, Liao (1971) examined the effectiveness of analog computer

- simulation as a pedogogicai tool for learning intellectual abiiities and
skills. Thirty six students participated in the study. While all subjects
were studying model concepts and skiils in ciass, the investjgator met in-
dividuaily with each member of the analog and science activity groups® four
times. He found no significant difference in posttest achijevement scores.

Lunetta and Blick (1973) evaiuated a series of computer based diaiogs
in introductory physics. The simulations paraileled the inductive experiments
developed by the PSSC through which Newton's Second iaw couid be generalized.
Three treatments were used. 1) Group 1 (n = 51) interacted witn only the film
loaps developed in the study and with computer imteractive dialogs, Z) Group 2
(n = 41) did not have computer access and interacted with the fiimloops and
simulated data and problem sheets prepared from the' computer-lessons, 3)
Group 3 interacted only with their teachers and laboratory materials. Results
after 3 month's treatment indicated that 1) learning of concepts was signi-
ficantly greater for group 1, 2), students in group 3 spent 8.3 times as long
in instructional unit activities as did students in groups 1 and 2, 3) group
2 exhibited a conceptual loss on a 6 month retention test while group 3 showed,
no significant loss, and 4) group 1 and 2 showed favorable attitudes toward
simulated units. o

Lunetta and Blick provide Eomé stimulating data on thf gffectiveness of CAI -
? simulations epecially in light-of increasing costs of laboratory equipment and
supplies. With computer cosi@Beaching reasonable levels CAI may be able to take

over some of the laboratory experience especially for dangercus or expensive ex-
periments.’
. ]
Hughes (1974) assessed the effect of ‘computer simulated xperimentsI
on attainment of process skills and acquisition of subjéc ntent in high
school physics. 51 students from 2 high schools were .ra 1y assigned to
one of three groups, 1) a lab group which performed experiments, collected
data and analyzed it in the traditional manner, 2) a lab/computer group which
. “set up experiments performed one trial to collect sample data, but then used
computer simulations to.obtain data for analysis, and 3) a computer group
which had instruction sheets which described the experiment but used the
., computer exclusively to’derive their data. Results showed that both computer
groups scored higher than the lab group. The-lab/computer group nad the
highest mean scores on the content examination., The lab/computer group and
Jab group had higher mean process skill test scores but not at a significant
+ level.. The computer group performed more trials than the lab group and
i required more time to finish. The lab/computer group showed more favorable
attitudes toward the computer than the computer group. ) -
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the advent of home use of computers it is reasonable to expect that research

@ ]

Hazen (1974) compardd the effectiveness of an innovative simulation
game to traditional question and answer teaching., Ctffectiveness was measured
in terms of immediate cognitive gains and retention of cognitive learning,

A nonequivalent group design was used with four intact tenth grade biology
classes in two schools (n = 116). Classes were randomiy assigned to experi-.
mental and control groups. The design involved a pretest, a 4 day -unit,
posttest, and retention test given 3 weeks later, Content of the classes
was tne same. The experimental group played a simulation Game with daily
i5 minute debriefing sessions. The control group uses-meé¥e traditional in-
struction including movies, question and answer, and discussion. Results
showed no significant difference on immediate cognitive iearning. A signi-
ficant difference was found on retention favoring the simuiation group.
Student attitudes toward gaming was not significantiy related to posttest
scores but was significantiy reiated to retention scores.

It seems clear from these studies that CAI simulation is an effective means
of prgviding laboratory experiences at least vicariously. It is equally clear that

combinations of techniqueT result in higher achijevement.
Culp (1975) deveioped and’ tested 32 CAI lessons in o#ganic“chemistry.
The modules were*designed as supplements to the traditional course and
- emphasized tutorial drill and experiment simulation applications in some of the
basic organic chemistry, concepts. No significant differences were found in
achievement between students using the CAI and those who did not.

Barnes (1976) investigated the roie ofglearner controlled instruction
in CAI. Using multiplication as the venhicle shie looked at the effect of
allowing the learner to determine the type of feedback desired. A CAI drill
« and practice program was written consisting of 5 types‘of problems, . 68 °
subjects in grades 4 - 8 were randomly assigned to six treatment comginations.
Results showed no significant differnece among, the treatment conditions.

Staniskis (1977) compared biology test scores between 42 junior high
school students taking a computerized biology course and 31 students in
senior high school taking a non computerized course. The computer instructed
Junior high group scored significantly higher on posttest achievement than

*

students in the non computer course.

Knight and Dunkleberger (1977)csought‘to determine the influence of
computer managéd self paced instruction on student attitudes toward science.
Students experiencing computer managed self paced instruction were compared
with countérparts in a traditional group paced teacher managed classroom. .
Subjects were ninth graders enrolled in a one year physical science course.

46 students participated in the computer managed classes, 48 in the regular
class instructien, Computer managed self paced students achieved significantly
more positive attitudes toward science t?an students in the conventional

" class instruction. e -

Resu]fs of research on CAI indicate tﬁat it is Ln effective instructional

medium for science. -Given the advances in new technologies, lower costs, and
- -

findings usiﬁg today's available computers may result in even greatepqeffectiveness.

.
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SUMMARY

<

. This chapter has reviewéd the literature An research on programmed learning
including audio-tutorial instruction, individdalized instnuction, programmed
instruction, and computer assisted instruction. As concluded in the previous
chapter audio-tutoriai‘iﬁgf?uction is nearly always equal to: or better than
lecture/demonstration in dains in student achievement in science and thit

\

attitudes' toward audio-tutorial instruction tend to be\positive (Fisher 1976;

- Kahle 1979). L

The research on individualized instruction indicated that little has been

v .. done though there has been ample talk in educetional circ]es/about the desirability
of the ;echniqde. Reyiaws of the 1itereture by Ramsey and Howe (1969) and by
Royce and Shank (1975) show no significant differerices in student achievement
in either indiv1duaiized or group paced traditional instruction in sc1ence
Heffernan (1973) found _no Siqnificant differences in students.critical thinking

abiiities or attitudes between indiViduaiized and traditional modes of instruction.

g - These conclusions are supported by Reed (1974) and .Ramsey (1974). Research studies:

} also indicate that individualized instruction should not be the exclusive mode )

) of instruction, but is most effective- when used in combination with othkr stnategies
(Ramsey and Howe 1969; 0'Toole 1968). Th1S is perhaps because no one Strategy is
effective with all students. Sneeﬁan and Hambléton {1977) for example have demon;>_
strated that anxiety levels of students determine ;{ka great extent the effective-

g nesg of an i-ns"cructiona] strategy. ‘ ) . S -
‘Programmed instruqtionjynggfeived considerable attention since‘it appeals

to tho§e who desire individua]ized¢approaches which free teachers to attend to
.otner tasks. Studies comparing the effectiveness of programmed instruction with

traditional instruction indicate that students can learn as effectively by this

technique- (Ramsey and Howe 1969; Nasca 1964; McKee 1966). Canges, Bledsoe, and &,

Vandeventer (1967) and Eshleman (1967) demonstrated superiority of programmeld

I | L | |
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) 1nstruct1dn over traditional 1nstruct1on " Other stud1es (Darnowski 1968; Moriber

1969; Strickland 1972; and Flowers 1977) seem.to indicate that programmed instruction

- may be more appropriate for students in high school or'coylege than for students

I
in e]ementary or middle school. '

Students tend to have favorable attitudes toward programmed 1nstruct1on Iaylor
]965 Frey 1967) while teachers are less disposed to the technique (Taylor 1965).
IQ and parenY's occupation may be related to éuccess «in programmed instrugtioﬁ
(Filep 1969) and ability level may a]so,affec; usage. Fryar (1971) has indicated .
that.1ow’achievers may be able to make sub;tantial gains using programmed instruction.
Pacin§ of"programmed materialgﬁis anothr area of cpntention. Facing shoula be
adjusted to the learner's rate of learning (Kress and éropper 1964):-.

) .. /
Most studies on computer assisted instruction are obso]ete due to newly

emerging technologies (Zinn 1979). As with other types of media CAI seems to

be as effective as ;raditional‘instructiona] strategies (Dasenbrock 1970; Arsenty and

Kieffer 1971; Summerlin 1973). Lunetta and Blick (1978) indicate that CAI may be

t

Hughes (1974) and Hazen (1974). Most studies indicate that CAl is as effective

’ “~
used in place of expensive or dangerous labs in science. This is supported by

and in some cases more effective than traditional modes of instruction.

:
Y /o .

CONCLUSION B

-

Programmed learning_ is an'ef?ectiye‘means of instruction in science. It is -

capable of attending to some student needs; however, to be optimaily effective
must be develgged and prodrammed by a teacher who Knows each student intimately.

This is a rar curance. Consequent1y, programmed instruction will probably

/

continue to be the fr1nges of 1Qstructnona1 techn1ques. Teachers as yet do not/
have the time or the skills to prepare such program# Commercia]]y avai]able
programs do not meet class or 1nd1v1dua1 needs. Further teaching mach1nes tend

x
W
to threaten teacherS'conf1gence in their own classrooms.

It seems clear that the most effective-means’ of instruction is to combine
: : 74 79 : © /
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: media, ]ec?ure, demonstration, laboratory, programmed instruction, and computer
assisted instruction to maximize the opportunities for students wo learn. No .o

two students will learn a concept or skill in exaﬁtly the same way., By prgviding’

‘
¥ &

a combination of educational;opportunitﬁes teachers can’better insure successful

. R . o
learning outcomes. R o ' .
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\\); 'EDUCATLONAL COMMUNICATIONS AND .TECHNOLOGY AS APPLIED TG
. SCIENCE EDUCATION IN IN*ERMEDIATE/NIDDLE SCHOOL ’
VISUAL .
. ‘ T "

.

-

INTRODUCTION R -

° ~

This final chapter overviews the research on visuals in science education.

[4

. . . . oL . . . :
These inc]ude pictures, graphics, kits, realia, three d1mens1ona"mode]s, displays,

maps and g]obes, community study and field trips, and overhead transparcncwes.
& ‘\ ‘\
w1tt1ch and-Schuller (1979) p01nted out that “the most difficult skills sor de- )

s1gners of visuals to learn is to define what they wish to convey and then contro]

’ >

the medium so that the message gets across." They have also extensively ‘described

] . -
.the wide variety of visuals.' The fo]]owing is.summarizedvfrom their text.

@,

Flat Pictures - ThHe advantages of flat pictures is their ]ow cost, ready
. ) : : . P

avatlability, and ease of use. . However, they are 11m1tedabyrfhe1r small size.

mak1ng them d1ff1cu1t to use for c1ass 1nstruct1on and by their lack of depth

o resu]t1ng in perceptua] and spatial re]at1onsh1p d1ff1cu1t1es for students To -

be effect1ve p1ctures must have good. composition, a clear center of 1nterest good

¢

_contrast’ and sharpness and shou]d communtéate a s1ng}e idea clearly. Color adds - \ '
rea]1sm as well as attractiveness to this v1sua] med”um. ’ ) )

’

Graph1cs - These are 1nstruct1ona] mater1a]s that summar1ze 1nformat1on and

7

1deas through draw1ngs, words, symbo]s and p1ctures. Their 1nstruct1ona1 va]ue
. generaT]y ]1es tn their capacrty to focus attent1on and to conveylcerta1n types of
1nformat1on in' a condensed form. Graphs are conmonly usedxin science 1nstruct1on.

A graph 1s a V1sual representat1on of numer1ca1 data which reveals important Te-

]at1onsh1ps among ‘data. . ... e o\

'y
9

D1agrams - D1agrams are also used extens1ve]y 1n/§cIERCe These are drawings.

- ¢ N (N

us1ng }ines and symbofs that show out&1nes, 1nterre]at1onsh1ps, or key features of\

.process obJect, or: area. Those used in science, can be higfily abstract and complex.
[N .'a ' . . LRI . "~ . . 81 . . y ..
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7 Charts - Charts are visual summaries containing a mix of visua} and verbal .

cues. - They may summarize data, explain processes,.or describe relationships. -

'Charts include tabular charts, i]ow charts and time line charts. Good charts
have a single clear1y defined purpose and the information is in summ ary forar .

wh1ch is eas1]y readab1e . ;— ' . A

Cartoons«- Spedifica]1y, cartqons are satirical drawings designed fo
\

1]

: inf]uence-opihiOn. A comic is a form of cartoon acting out a story in pictures,
Instructlona1 com1es are 1ncreas1ng]y being wused in sc1ence texts.

: - Mode] - Mode]s are recognizable three d1mens1ona1 11kenesses of the real thing.
Mode]s may represent someth1ng very 1arge or very small. They are erfeet1ve
teach1ng devices because they are three dimensional., they can show large or smali
objects'in_eetai1, they can simp]ffy'comp1ex objects, and they can accent important -

. .features.,- .® .

Specimens - Often used in science, specimens are rebresentatives of groups
Tasses. T . bde i real, tir imes
of classes. They.are better than modeis because they are the real. th&ng. Specimens

e . 8. L :
are -more authentic, ‘concrete, realistic. They iinclude such things as frogs, insec%s,
(N . . A «
. ° \
rocks, etc. . ‘

X  Qut-of-door Field Trips inclﬁding Museums‘- These are often used in science - -
and thnough enormous]y popular.few have stopped .to ana]yze why (Koran and Bzker 1979),

Outdoor laboratories _are areas on or adjacent To tné schgol campus orten referred

-

to'as a ciass study area. Museums offer unlque 1earn1ng opportun1t1es particularly

\

with recent efforts at providing interactive experiences for.visitors. Museums

exhibit the reéal thjng,-a diorama of a natural environment, or a skeleton of a

Y

. preh%sforic animal, all of which are difficult, if not impossibie, to provide in

the science classroom (Watson 1978) , \

- - . ¥

The rema1nder ‘of th1s chapter rev1ews the research on v1sua1 media use,’

° .*

~ Sections include comparison studles on the use of visuals, studies on pictorials,:

intervening variablés effect on visual instruction, models, and‘fieTQ trips and

v * -

. museums. ' - ' “
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COMPARISON STUDIES ON VISUALS \ |

The following eight studies attempted to compare the use of visual instruction

. 3

with other modes of instruction. - ‘ I ;

i §
Koechel (1970) compared two methods of visual technique, single concent
films and overhead projections.in teaching college chemistry. The-esderiment
was carried out over a two year per'iod on four classes of cnemistry. stucents
— who were nonscience majors. Subjects were assigned to sections on & random
basis. Lessons were constructed and validated for the lecture/discussion
sessions dn each of sjx areas. The same time was allotted to both experimental
- and contd&l groups. Experimentals had-visuals integrated into dlass presentation
The same Ynstructor taught all sections. Sections were alterfated between-
treatment and control over the six areas taught. Results over two years showed
differential effects by topic area. For single concept fiims results showed
signigicant differencés in favor. of the treatment groups for two of the tepics.
Other ‘topics did not result in any significant differences between _treatments.
Similar results were reported for the overhead projections. The: duthor notea
that though results seem to be topiC related use of projections seemed to
involve students to a greater-degree. -

Dwyer (1973) attempted to determine the most effective method of
presenting visualized instruction and to establish guidelines which could
be used to specify which methods are most effective in facilitating student
achievement. Purposes were to determine the relative effectjveness of
presenting visuals by TV, slides, or programmed instruction uséd to complement
\ verbal “instruction; to determine whether the same types of visuals viewed by
the three presentation formats were equally effective. Findings showed that
the effectiveness of yisuals depends upon the 1) subject matter and 2) the’
method of presentation. . :

Both these studies show that as'with other media visuals are no panacezs. Sore

. R -~ H
media works better for some students and subject areas than others. It seems clear
from previqus reviews in this overview. that combinations of “instruction are most .

appropriate and most efféctive taking into account differences in student abilities .

.and interests, as well as subjéct area. . T A

- - -
Well, Modfrans, Po§¢1ethWait; and Butler (1973) conducted a study\to
-generate information about the-effects on learning of présenting visual .
concepts via different'media. The visual concepts were the manipulation of
time, space, and motion. Three visual media were sequentially still. photographs,
. slides, and motion piciures. -'Results showed that certain visual media are
more effective than othérs. Of the €hree motioh pictures were most.effective
for presenting the topics on motion. Photographs and slides were more effective
in presenting concepts of .space. The report concludes that ¥f media decisions
at a_specific level based on what.is required to dispTay the defining attributes
of a concept are not possible, then decisions at the -general level should be,
made on a basis other than pedagogical effectiveness...Perhaps availability,
permanence, portability, or cost.should be considered. - ¢ :

-

j -

~ . *
- ~ .
. . . » . . ' .
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Well et.al. not only support the two previous studiesl but specitically
state that decisions gn which media to use should be based on approoriateness to -
‘ P

‘concept where this is not reasxble decisions probably should be based on factors -

other than effectxveness since much of the research suggests ‘that there are few

significant differences between modes in terms of outcome effectiveness.

Kautfman and Dwyer. (1974) designed an experiment to determine the
relative effectiveness of different tybes,of visual illustrations used to
'comp]ement instruction in an inservice tra1n}ng program. SubJegts were
179 stugents and employees® from Pennsylvania State University and neigh-
boring schoels and hospitals. Results indicated that generally car:oons
are more effective than realistic photographs in facilitating achievement
,on immediate and delayed retention tests. Subjects in three experimental
groups indicated that they learned more from cartoon presentation and
preferred them over photographs '

— ResultS»such as this may exp]ain the recent increase in use of coAics in

middle ‘scnool science texts. In general we]n drawn comics, cartoons, and d1agrams

0

would be expected to be more effective than pnotographs since ]1ne drawings can

focus attention on important details. Pnotographs, on the.other hand, contain .

- o

s1gn1f1cant amounts of irrelevant v1sua1 information for the performance of science

-

‘tasks or the understand1ng of ?c1ence concepts.

v

ersity to attempt to combat low enroltments in physicsiclasses. A

imedia program was developed including demonstrations, transparencies
single concept fiim Toops, and sound fiims. Four ciasses were taught by
the. new method. Only one class showed a positive attitude change toward
the course anq_mu]t1med1a. The authors hypothesized that this was due to
the professor's strong advocacy of the ‘muitimedia approach.:

\Cou]ter et. al.’ introduce a commonly overlooked factor in the success ar failure

\ nzu% Coulter, Adler, and Byrd (1975) conducted a study at Fast Carolina
Uni

of 'a new instructional app{oach, the teacher.\ The two other professors involved in
this study opposed the change from the beg]nn1ng and were successfu] in showing that

1t was not effective. It appears that _the teacher's: att1tudes strong]y influence

- -

both effectiveness of programs and attitudes of stuoenty

Janoscrat (1976) conducted, an 1nvest1gat1on of individualization as it
re]%tes to the re]atxonsn1p of learner stated preference for mode of inférmation
presentation and subsequent performance, the instructional effectiveness of 2
different modes of visual ‘presentation and their combination, and the intér-
re1at1onshtp between stated preference, mode of presentation, and performance.
The task was preparat1on of a med1cat1on. The visual modes were black and

c@ .

: ' & |
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white line drawimgs, printed words 1ha£ were composec to be equivalent to the
drawings, and a combination of the wo. The population was 178 nursing
students ranging in age from 16 to 54. Subjects were assigned to
treatment groups according to their stated preferences for one of the tnree
visual presentations. The analyses showed that preference had no effect

, on learning time or task-performance time and no relationship to error lrate.

: The type of instruction effected learning time. . Learning time for subjects

who received visual aids was significantly lower. Presentation mode had
a stronger correlation to performance than did preference. :

, Dwyer (1976) reviewed visualized instruction. Some of his conclusions

1 were that the use of visuals disigned tp complement printed instructions does
not automatically improve student achievement. It depends upon the educational’

objective. The visual most effective in transmitting informaticn is dependent

upon the type of information to be tranmitted, the amount of time students

are allowed to interact with the visualized instruction, and sometimes the

use of'color. Boys and girls at the same grade level in high school learn

equally well from visuals. Increasing the size of visuals by projecting .

them does not improve achievement. j ‘

Fuller (1977) assessed ‘the influence of source of data, readidg performance,
and gender of third grade science students on sciencé concept attainment and
retention. Three treatments were used, overhead projections, booklets,
and jigsaw puzzles to reassemble and flash cards to arrange. Third grade

- -+ students (n = 133, 71 boys and 62 girls) -from five classes in two elementary
schools were randomly blocked into the three treatments. Immediately following
one week of instruc&ion, all ‘subjects were administered a posttest of
achievement and_a delayed po st of retention one week later. Results
indicated that there was no significant difference in the three treatments.
Reading’ performance did affect sciengg\gphievement. There was no significant
difference in retention by treatment group. } ' «

These studies on visual instruction seem to indicate that in general visuals

| !

=afe as effective as other modes of instruction, but may be more or}]ess effective

depending upon subject matter being transmitted. Ideally, teachers would be abie

.
-

.to select and use the most appropriate media for,tFansmitting iﬁfd}matidn in a
particular érea effectively and efficiently. Rga]istica]]y,'however; teachers
are notbwell prepared in the use of communication’technolbgies and rely most
'heayily on existing science texts. One wonders how much research publisﬁers do’’
. on the effectivenes§ of the many drawings, color photographs, cartdons, charts, etc.

.

used in commercial texts. In most tases such texts are prepared to appeal to adult

buyers rEther than for the impact-on learners.




STUDIES ON PICTORIALS

[The following six studies focus primarily on the effectiveness of

~

' pictoTials in science education. .

4
»

Weisberg (1969) examined the value of several modes of information .
organization to teach oceanography to eighth grade students. 96 students 4
with 1ittle previous earth science background were assigned treatment groups. '
One group was exposed to a physiographic diagram of the ocean floor. 2
second group was exposed to a topographic profile. A third group reac about
the information. A fourth group acted as control and received no information.
A Pre- and posttest was.given. Groups using the graphics did significantly
better on the posttest than the reading or control group. There were no
significant differences by sex. -

_ Voelker (1973) conducted a study among sixth and seventh graders’from
dverage and low socio-economic neighborhoods in an urban, industrial community
and fifth and sixth graders from a small combined agricultural-industrial
community. The materials presented consisted of science concepts centered
around an environmental problem with accompanying pictorials. Pre- and post-
tests indicated-significantly better achievement in groups.using the
supplementary pictorials. ; )

.y
i

Wardle (1975) investigatéd the predicted and actual contribution of science
textbook illustrations to reading comprehension of students of varying reading
ability. Two studies were cenducted. The first focused on the actual -learning
value of illustrations. Thirty seven elementary teachers and 144 seventh
grade students participated. Subjects rated the j1lustrations on a 1-10 scale
indicated the degree to which the illustrations aided in understanding. There
was significant disagreement between teachers and students. The secend study
investigated the number of test questions answered by an illustration related’
to its valye i‘.giding,the reading comprehension of students. 191 students
participated in this study. Illustrations were selected from a pogi used in
Study 1. Students were randomly assigned to one of five treatments, 1) text
accompanied by illustration which answered a high number of questions, 2)

. text accompanied by illustrations whick answered a medium number of questions,
3) text accompanied by illustrations which answered a low number of questions,
4) an unillustrated text, and 5) control group Without text. Students did-pot
perfor@ significantly better on reading comprehension%;eSts when provided

i]]ustrations than without illustrations. No illustragions were found. to aid
reading comprehension. . - ' |

. . ; -
Wardle's study supports conglusions reached earlier that illustrations in
- science texts are generally included by publishers to appeal to teachér§ and
adults selecting texts rather than for their effectiveness in transmitting.infor-

* mation. The disagreement between teachers and dtudents, in this study dlong with
. |

the major findings of no il{ustrations fiding cemprehension indicates tkat selection

12 .
criteria should be something other than the appeal of i}1qstrations to teachers.
- , ) ° _ ‘ .
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Thomas, {1977) investigated four specific questions including the e*rek
of including pictorials in written E‘x;s on reading comprehension of Founth
. graders 108 fourth grade students”Trom three elementary schools wefe divicea
: *into three achievement levels of high, medium, and low using tre combined
percentile scores from the SRA reading and science heasures. Students were
then randomly assigned to three treatments, color "photographs with text,
simple line drawings with text, &%d text only. Presentation was by siides.
No significant differences were found among test groups. Pictures neither |
facilitated nor hindered reading comprenension. -
Sherbo (1977) studied the effect of visual advence organizers on izarning
and retention of- selected physics principles among 597 ninth gracers in 24
‘ classes.. The ten teachers with intact classes were randomly assignec %o
- either treatment or control groups. Treatment group consisted of 332 studants
who received visual advance organizers by overhead transparency. Tre control
group consisted of 265 students who-did not receive tne transparencies. Results
" showed’no significant differences in achievement between the groups. The
8. results indicated to the author that teachers do not need to link prior |
“learning to new learning to fac1]1tate that ]earn1ng ’

fo. ’ Manza (]977) examined 1mbedded aids which were defined as unizs of
assistance and enrichment woven into the fabric of texts so as to be un-
obtrusive and yet present valuab]e information for the reader. 200 tenth
grade students participated in the study. Half received instruction using
imbedded aids, the -other half received conventiorial texts. Results showed
the imbedded aids group took longer to finish but Scored sligntly higher
than the conventional teXt group. The imbedded aids were summarized as a
good ‘study and motivation aid providing additional informaticn, but which
did not result 'in significantly better achievement.

.

The studies on pictorials suggest the same-conclusions as for/visuals in

general. They tend to be as effective as other modes of instruction and.appear

- [ 4

to appeal %o adults using them in instruction. This criteria accounts for their

widespread use ratheér than any evidence of the effectiveness with students.

v

v

.

INTERVENING VARIABLES EFFECT ON’VISUAL INSTRUCTION
‘ =
A number of studies re]at1ng to use of visual aids, for instruction have’

focused on the interaction effects of other varlables This section will review

-
»

some typical studies in this area. T
- ' " Dwyer (1968) tested the interaction of visual illustratiens and programmed
\ﬁnstruction. 175 college freshmen were randomly assigned to one of, nine groups.

While vérbal instruction was held constant, the amount of rea]isgic detail
contained in illustrations was varied from line drawings to colo? photo-
graphs of the objects. Resultsjshowed some visuals better than others.

- Black and white abstract draw1nés produced the best results on a drawing

\ fest, Those using color photographs were best able to identify component
parts of the objects on an identification test. Those using no visuals
performed best on terminogy and. comprehension. : -]

- | 02 ,
-
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Again we see that the outcomes desi‘ed are very important in determining J
. / ) ’ _ . . [4
which visual mode if any to be’used.in instruction.

v

‘ , . Moore and, Sasse (1971) studied the effect of size and type of still
' _ projected pictures on immediate recall of content. A.total of 228 students
s . in grades 3, 7, and 11 were selected from heterogenecusly grouped classes.
- Al subJects v1ewed the same 9 pictures (pa1nt1ngs 1line drawings, and
' photographs) on slides of varying sizés. The pize of p1cture seen, order of
presentation, and order of questions were randomized by class. Data showed
that the size of pictures made a significant difference in amcun® of recall
with small pictures (quarter screen) being least effective and medium sizs
pictures being most effective. The type of picture also produced significant
differences in recall, with line drawings producing higner rgswlts than: /
paintings or photographs. Grade level alsg affected ach1evement _Seventn
graders/had the highest overall mean scores.

. N 3

These results are in contrast to those of Dwyer (197§) who“?ound-no"significaht

differences due to size of p1ctor1als however Dwyer was us1ng st1.1 photographs

not shdes. ) S ST &= . PR

DWyer (1972). 1nvest1gated the effect of overt responses in improving
visually programmed science instruction. This study measured the relative
effectiveness of eight types of visual illustrations des1gned to compiement
programmed instruction and-determined the effect of color in visual ° .
illustrations as instructional variable in pramoting achievement. The

v popu]at1oﬁs consisted of 266 students in a psychology class at Pennsylvania
. State University. Results showed that the simple line drawing with color
M was most effective in facilitating student achievement in drawing and a
criterion test. The programmed presentation without visuals wag found tote
as effective as visually complemented treatment on the 1dent1f1c 1on,
terminology, -and coﬂprehens1on tests. '
Shulene (19y2) studied the effect of p1ctor1a1 r1dd1es and cor;ESpond1ng
1nqu1ry ‘procedures on educable mentally handicapped students in understand1ng
science concepts. The sample was 45 students aged,7 to 16 enroiled in four
classes. All classes were taught by the author. Ko reading or writing was
. required of the subjects. Pre- and posttests were used. Conclusions reached
- were that the pictorial riddles resulted in significant learning and 1s an
X : effect1ve method of teaching menta]]y handicapped students. -

S The results deported by Shu]ene indicate that the pictorial approach in science
- :, is an effect1ve teaching technique for both boys and girls who fall in the IQ range

jdentified as mentally handicapped. i
~ _ Holliday (1975) set out to test the effectiveness Lf instructional
- pictures as an adjunct to verbal instruction. Eighty students were; randomly
: assigned to two treatments, verbal statement and pictures plus verbal - c
i statements?{ Pictures consisted of simple line drawings. The combination .
of verbal and pictures produced significantly better ach1evenent gains than
verbal” a]ohf i , _ ‘

‘

, Berry (1975) conducted a study to compare the re]at1ve&effect1veness of _
| Q two forms of color cueing in visual instructian. SubJects ere 224 co]]ege /

L E ‘ ” . . '
- B ] 8 93 .
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PR students in an dnstructional media ~ourse. They were divided' into six groups

each rece1v1ng the® same oral presen .ation on the human neart.

. Cne grouwp dia

not receive il

strations, one /saw olack and white drawings, two receivea

realistic color drawings, two were given noarealistic color drawings.

‘AT

. groups received immediate achievement tests and rezention tests six weeks
later. Data revealed that in those cases where instruction was accompanied
by visual materials achievement was superior to no illustrations. Realistic
color drawings were most effectfve in facilitating achievement. - No significant

differences were found, nowever, after 6 weeks. 5

Though the colop draw1ngs seemed to

are questions redarding 1ong lasting effects.

!

effect immediate superior acnieveme

Color may te more aporopria*e

nT tnere 4

-Tor

some instruction where color 1s used to identi fy KE/ com

;g‘ents and ne1u stucents,

. .
1dent1fy parts of ooJects. . ) L.
: - ¢ t
Dwyer (1976) also investigated color as a var1ab1e in visual, instruction.
“508 students at Pennsylvania State University were assigned to 8 treatment
groups, simple line drawings black and white 'and color, detailed shaded, ' .. ‘
drawing black and white and color, -heart model black and white and color,_
and realistic photographs bTack and white and calor. A 30 minute lesson on
the heart was presented to each treatment group accompanied by the visual
aids. "Not all visuals were edually_effective. The simple-iine drawing
with color was found to be the most efféct1ve in facilitating student .

-

achievement.

.

L

~

‘H0111day and Dahl (1976) testéd the effectiveness of” a lesson augmented
by adjunct labeled draw1ngs compared with a text presentation. Subjects were
61 ninth grade stullents in physical science randomly assigned to two groupé.

»

Group 1 .used the text onTy.
simplified,

tine-block drawings,

Group 2 used the text aléong with labeled,
Similar tests were administered to bo h

groups.

the text on]y group.

¥

The drawing plus text group scéred significantly h1ghe” thén the

s Tarcza (1976) tested the use of color photogr hs to reduce students ’
perceived, d1§f1cu]t1es in physical 'science laboratories. - Students’ jn a
self-paced idtrod Etory physics course at the University of Maryland were
divided into four reatment/groups, laboratory.guide no photographs,- photo
laboratory guide, preview (no photos) plus laboratory guide (no’ photos), and
photo review plus photo labératory guide. Photographs were in color. Students
performed 11 experiments and rated their.perceived difficulty in doing the
tasks. Test populatjon consisted of 27 students with a replication of 8 of.
the experiments by 29 other students the following semester. . Incorporation
of color photographs did not-enable students” fo perceive the tasks as less- ,

. ,dgff1cu]t however students with the photographs available sought assistanée -~ .
s ]ess frequent]y. v v o .

.Y The research on color versus black and white is contradictory, but it

-

seems that black and white line drawings’are as‘effective'as color drawings in

_most cases unles¢ the color is used to-focus attention on particular details.,
i
Drawings. are near]y always super1or to photographs in efﬁ%ct1ng h1gher student gains

and 1n ach1eV1ng greater student comprehens1on of science 1nformat1on. CLs e
. . . N ‘ - -
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Bunge (1976) investigated the ise of hand motions to stimuiate visual ]
imagery<in physical science instruccion. The instructor traced imaginary
figures in the air with hand motions while verbally describing the onjects.
Subjects were junior college students. One group watched and listensd wnile

another group listened only to the -lessons. This basic’ design was repeated /.
over two semesters, There were no significant differences between the means
of the groups on achievement posttests. - . e T

Hi11 (1978) studied the relationship betﬁéen visuafizatioq<and performance
in solving science problems. Subjects were 88 freshmen students in elementary
teacher education in Australia. Students were rahdomly assigned to :reatments
one group recé€iving instruction in spatial visualization and the otner witn

s no such instruction. There was a significant correlation between subjects . * .
j increased ability to deal with spatial relationsnips-and their ability to
' solve science problems, ‘ g :

2
-~ - v

. These two studies do not add especially to éoﬁc]us'ons reached thus Tar on tne

~ ~
> »

use of visuals, but were the only studies found that deal with eitner variable.

@

~_Teachers use hand motions often in de§brib1ng sciencehphendmena. Sunge has found /
that at least in his study they did not add tc student understanding. On the
, other-haﬂd, oné would expect that ability to deal successfu]]y w%th s"patia]E
y re]étionships would enhance student ability. to interpret‘and make use of information
“transmitted y1§ha11y. »‘ il ) , ‘
THREE DIMENSIONAL MODELS ) R

a - 14

/ .
4 ) . . - » . 4 . ‘Y- !
The following six studies deal with research on the use of three dimensional
models in science instruction. ’ -
pr .

’

Goldberg {1965) attempted to determine the effect of three dimensional

./ . molecular models on the comprehension of students in high school chemistry.
B " Eighteen intact chemistry classes were divided into two groups, one using
™~ colored three dimensional molecular models, the other using-only the black-
' board as a visdual aid. The model droup achieved significantly higher postest
seores thagpthe control group. : X . . . e
" @§;e1~building both physical*and mental is an importan; pfrocess in science

educdiion.' The following study by DeVito investigated this aspect of general

.. - science’jinstruction. . ' . ' ’ a

P

DeVito (1965) studied the confrﬁbution of certain scienée 1nve§tigat10ns ' g
to the understanding of the elements of s¢ientific model building.. 36 eighth - °
- grade general science classes consisting of.abozt 1000 students participated

R . ‘. in the study. They were divided into two groups. . One group received
. " instructional materials designed .by the author which intended to develop
o T N 90 , [ ' -
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student abilities to understand model bu11d1ag and the role of models .,
in science. The other group did not receive such instruction but did
receive the same content. - Results showed that the treatnent group-had
significant gains in understand1ag models and their uses over the control
< group. - . : < *

;. Lo

_ Though th1s study does not 1nvest1gate the- actual use of node 5, 13 :eronstrates
that students on middle school age 1eve1 can be successfgl1y“1nstract§d on tne use *
of models and can beccme more proficient in using mocels.’ This is serhazs true

. : :
also of the other media. As educator$ we should. consider including instruction
'in\dur lessgns ‘on how tq use and 1nterpret instructional medja to optimize learning

S e . T . ) = . '

outtomes/ . ; ' > . >
L . . i' . ' 5\ - - N

\ Dunstone (1972) uséd molecular mode®$ in college chemistry courses.
21 students in the test group' made their own modeis of silicates. This
required them to gather information on bond types, tengths, atom’ 5051 tions,
etc. Results of the study are inconclusive due to the small number of s e
subjects’and the inadequacies’ of -controls, but-it does sugdest a valuab]e : gﬁgﬁs,%
1earn1ng experience for students. - T

HaV1ng students bu11d models of structures under s"tudyamayl 1n\fact, be .

.y hd

L]

a most usefu] techn1qde both to help students understand ‘the three d1mens1ona1

]

nature of objects and to eva]uate and 1dent1fy student- d1ff1cu1t1es 1n percept1ons

1 /
- Baryfaldi and D1etz (1975) investigated d1fferences in, v1sua1 perceptwons
. of children usjng solid objects and two dimensional representat1ons of the £

same- objects. #8228 students_in grades 1, 2, 4, and six were randomly selected
and assigned different treatment gronp RESU]LS showed tnat students

in sixth grad re more Skillful in observat1on and compar1sonuus1ng solia
sobjects than. p otographs. Students in second grade performed better on
observation and comparison tasks using photographs. %%qdents in grades four
and six were more skillful on observation and comparison after using solid °

, objects than with drawings. Foufth graders pwere more successful after using ., 7
T ) drawings than photographs. : L o R
’ uTh;fs study suggests that there may be d1fferences 1n effect1vene$s of three
dimensional mode]s’due to maturat1on, though it’ is not c]ear‘Why this should be . .
the ‘case. - ’ %Z '1?; b e s i‘ i' | VQ‘? ,‘:T‘:;‘

- -

Snyder {1976) did a study ofi student, preferences ﬁer F&.m or‘demonstrat1am
.32 nonscience students in an undergraduate physics coyrse were(surveyed "

vt
. fo]]owzng treatment. over a semester by demonstration and films. Responses - :
indicated tolerance of amateur live demonstrations and a négative att1t§de
: ‘toward film. Snyder concluded that,live demonstration. prov1des person
person contact, immediate feedback and c1ar1f1cat1on.
v . \ " :-‘ iﬁ' . 7‘4‘ . - J- ° " s : el * ’
' . 91 oA, )
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. The planetarium might also be consitdered a three dimensional model reducing

. ' - }
large spacial relgtionships and time -frames to.a more convenient and manipulative’
X;jue. . " ’ o ) | E
. Burnette (1976) investigated the use of the planetdrium in changing
attitudes and achievement in earth/space science instruction. Fourtn,
o seventh and eighth grade students participateg in the study wnich used
a lpcal planetarium as part of the course work.  Students were tested after
completing a -one year conventional course without the planetarium experience.
These were-used as the comparison group. ‘The treatment group also completed
a one year science course but included on€.or more planetarium visits. Fourth
grade studénts demoristrated a moderate improvement ih attitude toward science.
o ~ ' dunior high students “indicated improvement in both affective and cognitive
measures. Eighth graders.showed significantly higher achievement.
. N ,

This_studx is of questionable_qdality. There are far -too many intervenirige -
variabtes not controlled in the study to demonstrate a causal relationship between
" the few planetarium visits and the,outcomes described. However, it does suggest

that the area is worth pursuing in more controlled research.,
7 A 4 )
. ’ L3 L) -]
" - ‘

' °

FIEL® TRIPS AND MUSEUMS | " |

. s 3 . 'y
Reldted to the studigs op use of planetariums is the research on out-of-door

field trips, and museums‘?g Field tyips art amenable to the same.type of media
&

analysis as any other instructional mode. Three categories nesd to be considered

the nétqre of the aispjag, the response or 9utéome desired, énd the’avéilable . ]
feedbaék.f Koran 5nd'Bager (1979)'haVe'}ev$ewed the researchian field trips and

: museums. and conclude that.fie1d t;{ps do not 'ysually éxcegd‘classroom learning on
measures of knowTedge‘gaiAed or ion%ent.learn?ﬂ. .Thu§3 there is not compe]iing_
support for field trips over conve;tién§1~c1assroom 1nstructf0h,‘howevef, the s

°

. major 3ustff{cation for field trips should be unigde outcomes that arisesuch

as interest,. mgtivation, and even rejuvenation for teachers. Further, field -

R ’

trips should be-used if they meet the ‘desired objeEtive;pr'outhme with the teacher
deéigning'the field trip in“such a way as to achieve the desired result. As with
other instructional techniques field trips shoq]d‘only be used-with adequate

preparation and fol}ow-up.: Similar findihg§ and recommendations were used for

the spécific{ field trip to a museum. e Q% .o
e 92 ,
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Begnett (1963) compared field irips with classroom instruction in
seventh grade:, . Five teachers were involved in the study using their seventp
grade classes which ‘were grouped by reading &bility. The 105 students were
divided into two groups. A unit of study was employed over a two week period.
- One group studied the ecology unit by field trips, the other by-conventional
classroom instruction, t There were no significant differences between groups
on' achievement. The author cogcluded that either mgﬁe“of instruction sculd
be uysed to teach the desired contént to seventh grade students..

-

Glenn (1968) 1nvesti§atgd the effectiveness of qu.different metheds of
presenting field trip experiences in developing student,ability %o make

7

L obseryvations and to form hypotheses. One treatment group received the

conventional geology course supplemented with.four teacher concducted field.
trips. A’ second group students stayed.in the classroom ana were showg
slides of field trip experiences. A third group not- taking the course was
used as a .control.” Results indicated that the group taught in the classroom
with slides scored significantly higher than the“control on ability to form
nypotheses, but did not score significantly different than the field -trip
group. Both treatment groups were able td demonstrate significantly better
observatiqn abilities than the control.

\

- 4

Wise (1970) compared field trips with indoor learning in elementary "school,
Three different approaches were used in a three week study with fifith graders. . .
261 students were randomly assigned to treatment groups. Direct experience,

* outdoor .classroom, and indoor clagsroom were the designated treatments. ,
There were no signifitant differences among the treatment groups ‘on eithey °
posttest or retention tests 6f science knowledge. Neither were there-ahy
significant differences on science comprehension. . . '
. 1 N .

McNamara (1971).compared learning behanors of eighth and ninth grade
"ESCP students in laboratory investigations and in field experiences. The
indoor group had 'one unit of the -ESCP course in the classroom The outdoor
group had all phases.ef the unit that the laboratory investigations were
- conducted out-of-doors. There were. a total of 15 groups and six teachers,
Learning in the out-of-doors was enhanced when concepts were related to the
environment. Critical thinking and preference for out-of-doors were changed
favorably as a result of trgatment. ‘ '

Hosley (1974) compared field experience with three screen slide tape
presentation with 400 fifth graders assigned to 4 treatment groups. ' Group. 1
received no-treatment. Group 2 received the slide presenta®ion. Group: 3:
went of field trips and group 4 had both slides and field experience. Results
indicated that students viewfhg the skides scored significantly higher than
those receiving no instruction .and as well as those going on the- field trips.
ﬁhe combination of treatments produced the highest scores, /

f .
Brown and 'Ladd (1974) initiated an audiovisual program designed to
" simulate a field trip for students in an 1ntroductoqy geology course at
Boston College. The program consisted of 12 weekly exercises combining
filmstrips, slides, and audio tapes'and one lectire a week. 50 students
selected at random from those regisﬁeﬁea for the course participated in the
study. Both the experimental and the control students did equally well in
course achievement.. The.simulation group demonstrated “such enthusiasm for
the program that it.was extended to all students taking the course. -

™ [N
» . A -
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Hickman (1976) conductéd a survey of teachers in Oklahoma on their = <
use of field trips. The 202 responding teachers indicated that those
who used field trips considered them to be worthwhite as a means of —
instructign: Teachers used field trips when given adequate finances
- and opportunlty Teachers take students on field trips to facilitate
gaining of knowledge ‘and to arouse interest. Teachérs have taught them-
selves how to use field trips. College preparation has been inadequate
to ensure that field trips are incorporated into the science program. X
Schod], policies are generally favorable to field trips, but administration'
through procedures and practice effectively Timit field trips. .
G11bert (1962) investigated the value of the guided museum tour
“as a resource for acquiring know]edge in certain aspects of high school”
. biology. and for enerating interest in b1o]ogy One-hundred-twelve -
Students took part in museum visits as part of thgir: biology’ 1n§truct1on
Gne-hundred-five students did net make‘these trips but studied the same
subject matter. Pre- and posttests were administéred. -Questionnaires
«were"also prepared The Nelson Biology Test showed no significant -
differepces between the achjevement of the two groups. The criterion
referenced test which was administered.shéwed s1gn1f]cant differences °
' ?avor:ng the muséum .group. StudentScfavored the museum visits. | Teachers  _u
agreed that the obgect1ves of ‘the musewm tours weré sat1sf1ed and had'
been.valuable ‘;‘, 1 C - . “

These stud1es‘further support the f1nd:ngs of. Koran*and Baker (1979). 'The -

:f1nd1ngs of research an excyrs1ons RE that they are important, :nstruct1ona1 adJuncts

¥

“Koechel (1970) and Dwyer” (1973) have shown that™ v1sua1s are not always effective -

r

' when‘carefu]ly analyzed and constructed and emp]oyed for appropr1éte outcomes N

2

. *.Teachers must ask themse]ves if the f1er tr1p at the point in &heir instructional

+ §

sequence w111 produCe the des1red outcomes for theJr students. The research vé-

e’

viewed suggests that the teacher become comp]ete]y familiar W1th the' s1te that

5

v
advance 1nstruct1on be prov1ded as te what will be- exper1enced on the f1e1d\trap,
that focus1ng student attent1on on the obJect1ves of the f1e1d trip 1s-cr1t1ca1,

and that ﬁsllow—up act1v1t1es be,provided after the field experlence

- . ’ . s [
A . - .
-~ o . ¢ i. . - 4

SUMMARY - e

K ‘ - s® - ,A‘ -, ‘ L4
" This chapter has reviewed the research on-visuals including pictures, graphics,

' three d1mens1ona1 mode]s overhead” transparenc]es‘\%nd field tr1ps Comparison °

stud1es on the use of v1sua1 vérsus other modes of: 1nstruct1on show that as with

other med1a visuals are as effective as convent1ona1 modes of instruction

aud may be rore effective for some subject areas and some students. than for others.

v
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This is furtheér 3upported by Well et.al. (1973). lJanoscrat (1976T,'Dwyer (1976) ,-r
'and“Ful]er (1977)ndemonstrated that visual instruction is just,as effective'in
) effectidg student achievement as other means of instrUction

Stud1es on p1ctor1a1s have shown that  quality p1ctor1a]s ¢an aid in 1ncreas-

1ng studnet achievement (Weisberg 1969, Voe]der 1973), however Nard1e (1975) and
; Thomas (1977) indicate that color +is not a s1gn1f1cant add1t1on to effectiveness

of pictorials unless the co]or is used to 1dent1fy and focus student attent1on

on part1cu1ar parts of obJects This is supported by Dwyer (1968) Holladay (1975)

".and Berry ( 1973;’ Further, Dwyer (1976) Hol]lday and Daht (1976) and darcza- (1976)
<A
have shown that not on]y is co]or not a s1gn1f1cant~contr1ﬁutor but thatt at” least

for sc1ence simple, b]ack and white draw1pgs are general]y most effect1ve Moore |

~

and Sasse (1971) showed d1fferent1a] effects’ due to the size of p1ctures projected. .
' as"sTides, but thist‘is contrad1cted by Dwyer‘(1976) ‘for pr1nted materials. )

Go]dberg (1965) DeVito. (1966) Barufaldi and DietZ (1975), and Burnette (1976)

[
a]so demonstrated s1gn1f1cant1y greater ach1evement effects using three d1mens1ona]

models compared w1th descr1pt1on draw1ngs, or photographs Models are part1cu]ar]y

useful to help students develop spatial reTatﬂonsh1p skills (Dunstone 1972).

Koran and Baker (1979) succinctly summarized the research on fie]d trips..
There is no compe111ng support for field trips in regard to 1ncreased ach1evement

¢ - however, they tend to be popu1ar and commonly used. F1e]d trips are fmportant

—

instructional adjuncts and are most effective in affecting other student outcomes °

such as interest, motivation, and perhaps even applications of classroom learnings.
. /~ . . ' -

~

’
-

CONCLUSION- . ‘ \ . T

~

Visudls are effective means of communication ~The choicg of the part1cu1ar

-

[y
~

type visual or any other media to opt1m1ze Tearning is crucial. What is c]ea? from
the overview of research on educatﬁpna] commun1cat1onsvtechno]ogy-15'that no one

: \ { . - e oo
media is best. What is best is a careful selection.of the appropridte media to

fit-and’accomPTish the desired learning outcome. This se1ectiohlis dependent on

e - L B L

e

-
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both subject matter to be conveyed and on the age and abiqity']eve] of students

Sw

to be addressed Teachers need help in learning how to make th1s selection. Even
" mare they need add1t1ona] training either preservlce or inservice to be prepared
to use the various media.- Most now 1earn th1s on the1r own or do not.use the
med\a they are unfamiliar w1th thus effectwve]y reduc1ng thé potent1a1 for se}ectlng
the rtggg”med1a for the job. T -
. For science"instruction at the intermediateNSEhpol ]eve];]ine drawings are
more eftectiveQQhan color photographs.' Yet text publishers go to gréat expense
to provide colorful 1nstruct1onaT materials.in the’ be11ef thac these -are more ," .

attract1ve to students and thus more mot1vat1ng This belief is noc supported by

- ° n

-the research. What 15 moré 1Tke1y is that ‘these co]orfuT pictorials appeal 'to thcse
adults to se]ect_and purchase hooks. The’ rat10na1e‘for,use is thus for something
Other than student acheivement gains. |

Even thoughdhe 11ter€ture on f1e]d trip effect1veness is not def 1n1t1ve,

both teachers and students exto] the positive virtues' of such exper.ences peyond

what one wou]d expect given the results of research at this t1me. Th1s suggests

that benef1c1a1 effects of field, trips may not have been exp]ored or measured as yet.

(NI

As wijth a]] instruction teachers should prepare students, conduct the learnihg '

»

experience,fand follow jt up with adequate reinforcement so that students can
optimize each ]earning situation. ETV, film, aud1o programned learning, and
] v1suals are‘a]] effective. means of 1nstruct1on Each has unique contr1but1ons 1t
"can make and 11Titations on its use. ‘The trick is to-se]ect;the r1ght one at‘the

right time with the right audience:

. Lo NU

’
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